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Robert Lautzenhiser, class of '49, speaks from experience when he says: 


‘The broad experience and growth possibilities 


available at U.S. Steel offer a great future 


with unlimited opportunities.” 











Following his graduation with a B.S 
degree in Metallurgical Engineering, 
Robert Lautzenhiser joined U. S. 
Steel as a Junior Metallurgist at the 
Waukegan Works of the American 
Steel & Wire Division. Here, he be 
came familiar with the many types 
of wire and wire products produced, 
through the practical performance of 
various physical tests in the metal 
lurgical laboratory. 

The knowledge Mr. Lautzenhiser 


gained of the characteristics of stain 


less steel wires led to his advance 
ment, in April, 1950, to Product 
Metallurgist. In this capacity, his 


duties were of the customer-contact 
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nature. His responsibilities in this 
work included consultation and the 
advising of customers regarding the 
proper steels for their projects. 

Mr. Lautzenhiser received his ap- 
pointment as Product Metallurgist 
for stainless steel wire in April, 1954. 
His work on this relatively new prod- 
uct, in which he developed excep- 
tional skills and abilities, resulted in 
his advancement to Division Metal 
lurgist in July, 1955 

Mr. Lautzenhiser feels that the 
graduate engineer gains much from 
the well-planned and complete train 
ing program at U.S. Steel. “Further 
more,’ he says, ‘‘the friendly 
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atmosphere and unusually coopera- 
tive personal relationships through- 
out the company are a big help in 
acquiring the knowledge that leads 
to advancement and success in one’s 
chosen field.” 

If you are interested in a challeng- 
ing and rewarding career with 
United States Steel, and feel you can 
qualify, get in touch with your place- 
ment director for additional informa- 
tion. We shall be glad to send you 
our informative booklet, Paths of 
Opportunity. Write to United States 
Steel Corporation, Personnel Divi- 
sion, Room 1662, 525 William Penn 
Place, Pittsburgh 30, Pa. 





ther week by United States Steel. Consult your local newspaper for time and stat 


If you have ability, you 
will prosper at Bendix... 


where creative thinking is 


encouraged and rewarded. 


A thousand products 


Fisher Bidg., Detr 
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Outstanding opportunities in: 


Electronics, Electromechanics, Ultrasonics, Systems Anal 
ysis, Computers, Automation and Controls, Nucleoni 
Hydraulics, Aerophysics Instrumentation, Solid Stat 
Physics, Combustion, Heat Transfer, Propulsion, Metal 
lurgy, Communications, Carburetion, Ignition, Radar, 
Sonar, Structures. 

See your placement director or write to Director of Uni 
versity and Scientific Relations, Bendix Aviation Corpor 
ation, Executive Offices, Fisher Bldg., Detroit 2, Michigan 
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— Just one of many ways FTL 
cooperates with ambitious 
young engineers to pave the 
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Only 13 when he succeeded 
his father as head of many 
Mongol clans, Genghis Khan 
grew to be the 13th century’s 








mightiest conqueror, his em- 
pire extending from the China 
Sea almost to the Baltic. The 
success of Genghis Khan’s 
mounted troops rested on their 
exceptional discipline, speed, 
ruggedness .. . and the re- 
markable flexibility and prac- 
ticality of their armor... 
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PROTECTED... against constant enemies 




















Flexibility and practicality, important charac- Kerite Cable has to stand the test of not one 
teristics of armor in Genghis Khan’s day, can enemy, but many—not for days or months, but 
refer as readily to a modern-day kind of protec- for 30, 40, 50 and more years. Water, heat, cold, 
tion—Kerite Cable’s never-equalled, never- sun, deteriorating elements, time itself—these 
surpassed insulation. Moreover, Kerite’s and more find Kerite an invincible opponent. 
endurance and resistance to constant attack Wherever it is used, the world over, Kerite 
truly would be a credit to one of those intrepid performs perfectly, lasts almost indefinitely. That 
13th century Mongol guardsmen. is the reason wise buyers specify it. 


The value and service life of a product can be no greater than the integrity and craftsmanship of its maker. 


KERITE CABLE 


THE KERITE COMPAN Y—30 Church St., New York 7, N. Y. 
Offices also at 122 S. Michigan Ave., Chicago; 582 Market St., San Francisco; 
3901 San Fernando Rd., Glendale 4, Calif.; 31 St. James Ave., Boston 
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engineers 


CHEMICAL « INDUSTRIAL ¢ MECHANICAL © METALLURGICAL 


chemists 


ANALYTICAL « INORGANIC # ORGANIC « PHYSICAL « POLYMER ¢ TEXTILE 


a better job can be yours 


With your future at stake, it pays to investigate these employment advantages NOW! 


Dow is one of the fastest growing chemical companies in the 
world, New products and processes are being developed con- 
tinually in the search for better ways of doing things. Your 
contribution—as a Dow chemist, engineer, metallurgist—will 
be recognized and rewarded. 

In addition, the activities of Dow are not dependent upon 
any one industry. Our over 600 products go into practically 
every industry, into agriculture and the home, here and abroad. 


The fringe benefits you would expect from a sound, pro- 
gressive company are yours, too, at Dow. To name a few— 
pensions, profit sharing, insurance—even the chance for further 
education, (AND salaries are reviewed at least once a year, 
promotions come from within.) 

Opportunities are open in Midland, Michigan; Freeport, Texas; 
Baton Rouge, Louisiana; and a new Textile Fiber Department 
(present address Midland, Michigan) to be located in Lee 
Hall, Virginia. 

We Pay Moving Expenses. Send complete résumé of edu- 
cation, experience, age, academic record and salary require- 
ments to the Technical Employment Department at any of 
the above locations. 


THE DOW CHEMICAL COMPANY, Midiand, Michigan 
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FAMILIAR 
TUNE... 





with 


BRIGHT NEW BEAT! 


One company after another plays “Your Future 
With Us”, hoping to make a hit. The reason is 
obvious: today there are more openings for en- 
gineers and skilled technicians than there are 
capable young men to pick up the pay checks. 


We play the tune, too, but we like to think ours 
has a new twist, a bright new beat. Since we are 
a young company in a new and different field, 
our fresh approach comes naturally. Even though 
we pioneered the modern helicopter, our baby 
was probably born after you were! 


While making no attempt to deny our youth, 
neither do we attempt to reject the plaudits 
earned in our few short years. Helicopters are 
acclaimed everywhere as the world’s most versa- 
tile aircraft. We look to your generation to help 
Sikorsky helicopters become the world’s most 
versatile means of transportation, And we offer 


you the kind of career that naturally follows such 
a challenging assignment. 


Getting acquainted, of course, is a give-and-take 
proposition. You can start the ball rolling with a 
letter to Mr. Richard Auten at our Bridgeport 
Personnel Department, 


<f) AIRCRAFT, 
S : 


BRIDGEPORT-STRATFORD, CONNECTICUT 


One of the divisions of United Aircraft Corporation 


THE CORNELL ENGINEER 










IKORSKY_-— 


AIR CONDITIONING: 


Engineers make it a LIFE-TIME Career at York 


Expanding markets in air conditioning, refrigeration are creating new 


opportunities for engineers. 


York Training is a recognized pathway to professional development. 
York's products and applications are precision-engineered for every 


mechanical cooling need. 


Resulting career choices call for engineering graduates with widely 


varying talents and interests. 


Today, air conditioning is much more 
than a luxury or convenience. For many 
industries, businesses, and even resi- 
dences, it is more than necessary—it’s 
expected. The same is true in precision 
refrigeration. Both spotlight the unpre- 
cedented needs for expertly trained 
eugineers to design, manufacture, 
apply, and maintain such systems for 
widely varying needs. 


York systems are engineered. The com- 
pany’s reputation comes from its de- 


mand that the system be tailored to the 
need. The YORK engineer has at his 
disposal both the know-how and the 
facilities to produce and apply more air 
conditioning and refrigeration system 
components than any other manufac- 
turer in the industry. Thus, the YORK 
engineer can give full play to his own 
creativeness in serving the Industrial, 
Commercial, and Residential markets. 
At York, the jobs vary. Today’s might 
be a hotel, tomorrow’s a shopping cen- 
ter or an environmental laboratory. 


How do engineers get ahead at 
York? Of the 25 top engineering exec- 
utives at York, 19 came up through the 
YORK Graduate Engineer Training 
Program. This program blends class 
room and on-the-job assignments into 
personalized plans of post-graduate 
education directed to the specified 
placement chosen. 

Exchange information about your 
self and a YORK career at your College 
Placement Office. There you'll find the 
booklet “A Pathway to Professional 
Development and Life-time Careers”. 
Register there for a campus interview 
with York's representative. Mail in 
quiries will receive careful attention 
Write: Training and Education Depart 
ment, York Corporation, a Subsidiary 
of Borg-Warner Corporation, York, 
Pennsylvania. 


the quality name in 
ar conditioning and refrigeration 


HEADQUARTERS CORPORA TItoOon 


FOR MECHANICAL COOLING 
SSE tee SUBSIDIARY OF BORG-WARNER CORPORATION 
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More graduate engineers 


moving up in the GZS industry 
... the nation’s sixth largest 


The Gas industry—the sixth largest in the nation 
—has a total investment of over $15 billion. Last 
year the industry set a new all-time record in 
number of customers, volume of gas sold, and 
dollar revenue. In fact, Gas contributed 25% of 
the total energy needs of the nation as compared 
with 11.3% in 1940. The Gas industry is a major 
force in the growth development and economic 
health of this country. 


Joseru J. Drecuster 
B.S. in Mechanical Engineering, 1948, Johns Hopkins University 











Joe Drechsler, after 8 years with Baltimore Gas and 
Electric Company, is now Assistant Superintendent in a 
department with over 450 employees 


After completing the company’s Student Engineering Training Pro- 
gram, Joe spent one year in the Gas and Steam Testing Laboratory. 
He was then promoted through various levels of engineering and 
supervisory assignments, to his present job of Assistant Superin- 
tendent on April 1, 1956. This department has over 450 employees 
and is responsible for the installation and servicing of industrial, 
commercial and domestic gas appliances on customers’ property, and 
the installation and servicing of gas and steam metering and pressure 
recording equipment. 
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There are many opportunities for you in the Gas 
industry. The industry needs engineers, and does 
not overhire. You won’t be regimented. There’s 
always room for advancement. With utility com- 
panies and with manufacturers of Gas equipment, 
there’s a future for you as an engineer. Call your 
nearest Gas Utility. They'll be glad to talk with 
you about your opportunity in the Gas industry. 
American Gas Association. 


Rosert K. Von Der Lone 
B.E. in Industrial Engineering, 1948, University of Southern California 
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In just 6 years with Southern Counties Gas Company of 
California, Robert K. Von Der Lohe has become Manager 
of Commercial and Industrial Sales 


After two years with a construction engineering firm, Bob Von Der 
Lohe joined the gas company and began his steady climb to his cur- 
rent position. Starting as an assistant technician in 1950, Bob has 
moved up through the jobs of industrial sales engineer and staff 
representative-industrial sales, to his present post as Manager, 
Commercial and Industrial Sales. Bob does more than “‘sell’’ in- 
dustries and commercial operations on the use of gas. He also super- 
vises a staff which advises restaurant and hotel owners on ways to 
improve their gas operations and over-all productive efficiency. 

















CLAD STEELS 


THEIR APPLICATIONS IN INDUSTRIAL DESIGN 


Almost as old as metalworking 
itself is the art of cladding two or 
more metals, In the past, the sole 
purpose was one of economy, as 
exemplified in the ancient art of 
bonding a thin layer of gold or sil- 
ver onto a base of copper or brass. 
Jewelry items made of these mate- 
rials are known today as gold filled 
and silver filled. In recent times, 
the reasons for cladding have ex- 
tended to the achievement of spe- 
cial properties, Copper-clad cook- 
ware and bimetallic thermostat ele- 
ments are familiar in our modern 
life. 

Lukens clad steels are the heavy 
industry members of this class of 
materials. They have been made in 
gages from 34,4” to 8%”, in widths 
to 178” and in lengths to 480”, 


Development and Manufacture 


The development of Lukens clad 
steels was originally prompted by 
the desire to provide economical 
corrosion resistant materials in 
place of expensive solid alloy met- 
als. The first of these was nickel- 
clad, developed in 1930 as a joint 
effort between Lukens Steel Com- 
pany and The International Nickel 
Company. Today, they include 
Monel and Inconel, the chromium 
stainless steels, the chromium-nick- 
el stainless steels and copper. De- 
velopmental work is in progress on 
other materials, such as titanium 
zirconium and the Hastelloys. 

The base metal is usually low 
carbon steel but may be any one of 
a large variety of carbon and low 
alloy steels. Advantage may be 
taken of the high temperature 
properties of the carbon-moly or 
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One of clad steel’s many uses in the 
modern refinery is illustrated by this 
large cat cracker. 
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by 
W. E. Mullestein, CE °32 


chrome-moly steels and of the sub- 
temperature properties of 
nickel steels. 

Lukens clad steels are manufac- 
tured by preparing a “sandwich” 
which, after assembly, is hot rolled 
as an ingot. In preparing the “sand- 
wich”, a heavy slab of steel of the 
desired mechanical properties is 
thoroughly cleaned on one of its 
flat surfaces, A plate of cladding 
material which has been nickel 
plated on the surface to be bonded 
is placed on the steel slab. A sec- 
ond similarly prepared slab of steel 
and cladding material is placed on 
top of the first one with an infus- 
ible parting compound between the 
alloy inserts. The cladding material 
inserts are made slightly smaller 
than the steel slabs. Spacer bars of 
carbon steel are placed around the 
edges of the inserts, This “sand- 
wich” or pack is then sealed by 
welding completely around the 
edges. The composite pack is 
heated in a soaking pit to a tem- 
perature of 2100 to 2350°F., de- 
pending on the type of cladding, or 
at lower temperatures for copper- 
clad, and then rolled on Lukens 
large 206” mill. After rolling, the 
pack is sheared or flame cut inside 
the welded edges and separated 
into two clad steel plates. 

Unique with Lukens clad steels 
is the nickel plating which: (1) 
aids in bonding, as nickel is soluble 
in all proportions in steel and in 
the alloy claddings; (2) protects 
the alloy surfaces from oxidation 
during heating before bonding; 
and (3) acts as a barrier to migra- 
tion of carbon from the backing 
steel into the cladding, 

Heat treatment. if required is 
done at this point, For example 


Zero 


the austenitic stainless-clad steels 
are heat treated at high tempera- 


tures to dissolve carbides. Chro 
mium stainless-clad steels and clads 
with low alloy backing steel are 
given appropriate heat treatment. 

Clad Steel plates, with the excep 
tion of copper-clad steels which are 
sand blasted, are usually descaled 
at Lukens by the sodium hydride 
process. This consists in immersing 
the clad plates in a bath of molten 
caustic soda at 700°F, in which 
1.2% to 1.7% sodium hydride has 
been produced by the reaction of 
metallic sodium and hydrogen, The 
sodium hydride, which is a strong 
reducing agent, converts the scale 
to metal or lower metallic oxides 
which can be removed by water 
spraying with hot water. A sulfuric 
acid bath is used to neutralize the 
caustic, and a_ nitric-hydrofluori« 
acid bath is used to passivate stain 
less-clad steel plates. 

The high temperatures and pres 
sures of hot rolling used in the 
manufacture of Lukens clad steels 
weld the components together com- 
pletely and inseparably by a chem 
ical or intermolecular bond. The 
strength of the bond is proved by 
the standard ASME method of 
shear testing. The ASME Boiler 
Code and ASTM Specifications re 
shear 


clad 


minimum bond 
20,000 psi for 


quire a 
strength of 
steels 

The clad thickness is normally 
specified as a percentage of the 
total thickness of the composite 
clad steel plate. The most common 
thicknesses are 10% and 20%. For 
corrosion resistant applications, us 
ers usually specify from 144” to 14” 
of cladding. Most commercial fab 
ricators preter that the minimum 
thickness of clad be held to 0.030” 

During the rolling process, the 
cladding and backing steels are re 
duced in thickness together at the 
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These tanks, containing Glycol, are made of Lukens 10% Type 304 stainless-clad steel. 
The clad steel will serve to insure the product's purity while in storage. 


same rate, The precise control over 
the thicknesses of the cladding in- 
serts and the backing steel slabs 
during assembly of the “sandwich”, 
which Lukens employs, results in a 
finished clad steel plate with uni 
form thickness of cladding. 


Design 

Since a large part of the clad ma- 
terial produced is used in pressure 
vessels, it is necessary to consider 
ASME Boiler Code requirements. 
Historically, integral-clad _ steel, 
such as that produced by Lukens, 
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was first accepted for pressure ves- 
sels under Case 896 in 1941 and, 
more recently, as part UCL of Sec- 
tion VIII of the 1952 and 1955 
ASME Codes, Under Code rules, it 
is permissible to use the full thick- 
ness of the composite plate in de- 
sign calculations. 

In general, the design of clad 
steel pressure vessels and other 
types of equipment will follow con- 
ventional methods; however, de- 
signs must be used that will main- 
tain a continuous clad surface and 
prevent any contact of the corro- 
sive environment with the backing 
steel. Many different designs for 
providing continuity of the clad- 
ding at nozzle openings, joints and 
flanges are employed. 

Savings in material costs of from 
25% to 50% are possible in clad over 
solid alloy construction, Welding 
costs are about the same in light 
gages and less in heavy gages. In 
addition, forming operations, such 
as bending and rolling, are easier. 
Shop equipment may be lighter 
and less power is required. 


Advantages and Uses 

Since steel is a good conductor 
of heat compared with most of the 
metals used for cladding, vessels 
made of clad stee] have an advan- 
tage over many of their solid coun- 
terparts. Because of the continuous 
intermolecular bond of clad steel 
plate, thermal conductivity is not 
significantly impaired across the 
bond line; and the heat conduc- 
tivity of clad steel plate in the per- 
centages normally used, therefore, 
will approach the high heat trans- 
fer rates of carbon steel. Two ex- 
ceptions, of course, are copper- and 
nickel-clad steels; however, the ad- 
vantage of the stainless-clad steels 
is significant, 

The advances of modern technol- 
ogy place increased demands on 
materials of construction. Clad 
steels are meeting this challenge, 
as well as providing a means of 
conserving scarce metals and _ al- 
loys. For example, the reactor for 
the atomic power plant at Shipping- 
port, Pa., was made with 8-5¢” thick 
Type 304 stainless clad on Type 
A-302 alloy backing steel; the high 
strength steel for the high tempera- 
tures and pressures involved and 
the stainless cladding to combat 
the corrosive effect of high temper- 
ature water which might contam- 
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inate the primary coolant with ra- 
dioactive materials. 

High temperatures and high 
pressures are becoming common in 
modern chemical and _ petroleum 
processing. As these increase, the 
corrosion problem becomes increas- 
ingly severe in most cases. The use 
of clad steels in gages from 2” to 
6” is not uncommon and is growing 
steadily. 

Large tonnage of all] types of 
clad steel plates are used in petro 
leum refining equipment. One of 
the first applications was the use of 
Monel-clad in the upper portion of 
crude towers where strong min- 
eral acids, such as hydrochloric, 
tend to concentrate, In other sec- 
tions of these towers, 12 chromium 
stainless-clad is used to combat 
high temperature sulfur corrosion. 
The 18-8 stainless-clad steels, con- 
taining molybdenum, are used 
where naphthenic acids are en- 
countered. These same types of 
clad steels are employed to combat 
the same corrosives in catalytic 
cracking and thermal cracking ves- 
sels and in the towers and other 
vessels associated with these units. 

Hydrofluoric acid and phos- 
phoric acid are used for certair 
isomerization and polymerization 
processes. Monel-clad and Type 
316L (low carbon) are used, re- 
spectively, for refining equipment 
handling these mineral acids, Other 
reagents for treating petroleum 
products include caustic and suf- 
furic acid. Nickel-clad steel is use 
ful for caustic, and Monel-clad is 
useful for dilute sulfuric acid. Of 
special interest is the process called 
desulfurization, in which the pe 
troleum hydro-carbons are treated 
with hydrogen at high pressures 
and high temperatures, The hydro- 
gen-hydrogen sulfide —_—s mixture 
formed is very corrosive under 
these conditions, requiring the use 
of stainless alloys, Stabilized aus 
tenitic stainless-clad steel plates 
such as Type 321, and 12 chrome 
stainless-clad steel plates in thick 
nesses to 3” have been used. 

Uses for clad steels in the petro 
chemical industry include reactors 
columns, tanks and heat exchangers; 
specific examples are: copper-clad 
for the manufacture of ethyl al- 
cohol; Type 316 stainless-clad for 
formaldehyde, acetic acid and 
naphthenic acids; nickel-clad for 
glycerin; and Type 316L stainless 
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The Lukens nickel-clad steel, from which this large sugar evaporator was fabricated 
protects the unit against corrosion and helps assure complete purity of product 








for the phosphoric acid catalyst 
used to produce phenol. 


Applications of clad steels in the 
chemical industry are wide and 
varied. An outstanding example is 
the alkali industry where nickel- 
clad and Monel-clad have become 
the standard materials for handling 
concentrated hot solutions of so- 
dium hydroxide and sodium chlo- 
ride salt brines respectively, Close- 
ly associated to this industry from 
the corrosive standpoint is the soap, 
fatty acid, oils and glycerin indus- 
try. Here nickel-clad is used to pre- 
serve product purity, in addition to 
resisting corrosion. Monel-clad finds 
applications in processes involving 
sodium chloride and dilute sulfuric 
acid, Inconel-clad and Type 316 
stainless steel clad are excellent 
choices for fatty acids at high tem- 
perature such as are involved in 
high pressure fat splitting and high 
temperature distillation 

In the pulp and paper industry, 
clad steels have been used for pulp 
digesters, head boxes and for evap- 
orators and tanks handling cor- 
rosive chemical solutions. 

In the pharmaceutical industries 
where the protection of product 
purity is foremost 
and nickel-clad have been used for 


stainless-clad 


equipment as fermenters, extrac- 
tors, evaporators, sterilizers, driers 
and mixers 

Clad steels are used for similar 
reasons in the food processing in- 





dustries and for combating the cor- 
rosive nature of certain foods and 
processing reagents. Nickel-clad 
stee] is used for vacuum pans in 
sugar refining and for evaporators 
for glucose, Stainless-clad steels are 
used extensively for such items as 
mixers, evaporators, cooking tanks 
and kettles. In the last two applica- 
tions, the high heat conductivity 
of stainless-clad may be advantage- 
ous over the solid alloy. 

For metal heat treatment clad 
steels have been used as a mate- 
rial for fused salt baths and molten 
metal pots with the clad steel sur- 
face sometimes on the outside and 
sometimes on the inside, Gas-fired 
fused sodium chloride salt baths, 
for example, operating at 1600°F. 
have used stainless cladding on the 
outside to resist oxidation, On the 
other hand, electrically heated mol- 
ten sodium nitrate, potassium ni- 
trate heat treatment baths operat- 
ing at 1000°F, have been made 
with L-nickel (low carbon) clad- 
ding on the inside. Another inter- 
esting high temperature applica- 
tion is the use of Type 304 stain- 
less-clad for titanium reducing re- 
torts where temperatures to 1800°F. 
are obtained during the production 
cycle, As was anticipated from lab- 
oratory heating and quenching 
tests, there was no deterioration of 
the bond between the cladding and 
backing steel in these high tem 
perature applications. 


(Continued on Page 36) 








The nickel-clad chamber doors of this 

large pressure sterilizer resist lactic acid 

and hospital solutions and permit proc- 
essing at around 200° to 225°F. 


The low corrosion rate of nickel-clad 

steel is one of the factors which make it 

useful for these tanks. The tanks will 
hold 73% caustic acid at 230°F. 
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Choose Westinghouse 
for a rewarding future 


You are making a tough 
decision ... 


*‘where shall I start my career 
... Which company offers 
me the best future?”’ 


Your whole career can be 
affected by your decision, so 
choose carefully. 

We sincerely believe you 
will make a wise decision in 
choosing Westinghouse, a 
company where big and excit 
ing things are happening. 

Here you can work with 
men who are outstanding 
leaders in fields such as: 


ATOMIC POWER 
AUTOMATION 

JET-AGE METALS 

LARGE POWER EQUIPMENT 
RADAR 

SEMICONDUCTORS 
ELECTRONICS 

CHEMISTRY 


Paul Halpine, University of Pittsburgh °41, atomic engineer for Westinghouse, checking the 


operations of a model of the first nuclear reactor for the nation’s first full-scale atomic 


and dozens of others 


power plant being built by Westinghouse for the AEC and the Duquesne Light Company. 


You will have an opportunity to work with a company 
that is having spectacular growth in many fields .. . 
giving you room to grow. 

We value our engineers highly, for we know our 
growth has been due largely to the high caliber of 
engineering personnel we have succeeded in attracting. 
Their development into scientists and managers has 
resulted in dynamic and progressive planning and 
policies. 

We help you apply your training to industry. You 


Westinghouse 
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can pick a career in the industry of your choice . . . in 
the type of work you prefer, and in plants, sales offices 
and laboratories from the Atlantic to the Pacific. And 
you can study for advanced degrees at Company 
expense. 

These are just a few of many reasons why you should 
choose Westinghouse. If you want more information 
ask your Placement Officer for our booklets, or phone 
or write the Westinghouse interviewer, or Educational 
Coordinator named below. 


Mr. F. R. Malone 

Regional Educational Co-ordinator 
Westinghouse Electric Corporation 
40 Wall Street 

New York 5, New York 








You can move up fast at Pennsalt, a vigorous, mature 
organization where exciting things are happening in mod- 
ern fluorine chemistry. 

How fast? Well, take Fred Demme (rhymes with semi) 
for example. He’s only 33 now, and he’s already Manager 
of Market Development for the huge Pennsalt Industrial 
Division... 

... Fred brought his B.S. degree in Chemical Engineering 
from Yale to our Sharples Chemicals Division in 1948. 
He soon found that his talents weren’t lost in the shuffle 
at this important large chemical organization. Even after 
a one-year Korean leave of absence, Fred Demme rose 
from his first sales job, through Chemical Products Man- Come share 
ager at Sharples in 1952, to his present highly responsible 
position in early 1956. This after five working years 


7 

with Pennsalt Chemicals. Oh wide-open 
GOT IMAGINATION? 

. and the ability to co-ordinate book-learning and job- 
learning with common sense? Then Pennsalt is looking t / 
for you to contribute new thought to the fluorochemical U Ure . 
research program that has already made us well known 
in the field. We offer a working and living climate hard to 
beat in the fast-growing chemical industry .. . a climate 
that encourages work towards advanced degrees and 
professional distinction, 
YOUR DEGREE 
in chemistry or chemical engineering qualifies you for any 
of 40 job classifications at Pennsalt—in departments as 
diverse as product development, engineering, research, 
production, sales, and finance. 













Opportunities for the Imaginative’ is a new booklet 
that tells you the whole Pennsalt story. If you're 
interested in moving up fast, write for it. Address 
Executive Procurement Director, Pennsalt Chemicals, 
Three Penn Center Plaza, Philadelphia 2, Pa. 











Watching organic gas analyses being made by one of Pennsalt’s vapor-phase chromatographs, Fred Pe n n $a it 


compares various mercaptan characteristics with Senior Research Chemist Bernard Loev. Fred is in 
charge of field-testing new products and opening new markets for Sharples Brand Organics and the 
many other Pennsalt Industrial Chemicals 


Chemicals 
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_ part is a housing that must 
accurately position the spindle of 
a grinding machine that operates at 
high speeds. Dimensional stability is 
of prime importance. The manufac- 
turer machined the part from bar stock. 
That meant drilling the hole—a costly 
step. Other factors raised costs even 
more. The manufacturer couldn't main- 
tain the precise tolerances required 
and reduce production costs, too, 


After studying the problem, Timken 
Company metallurgists recommended 
a switch from the bar stock previously 
used to Timken” seamless steel tubing. 
Immediate savings resulted. No drill- 
ing was required—the hole was already 
there. Scrap loss was reduced. More 
parts were produced per ton of steel. 
One of the annealing operations re- 
quired with bar stock was eliminated. 
Stress-relieving Operations were 
devised to insure complete stability of 
the finished part. Tolerances were held. 
And final reports showed that the 
switch to Timken seamless steel tubing 
cut production cost per housing 26%. 





Want to learn more about steel 
or job opportunities? 


Some of the engineering problems 
you'll face after graduation will in- 
volve steel. ‘The Story of Timken 
Alloy Steel Quality” will —_ you 
learn more about steel. And you 
might be interested, too, in the 


excellent job opportunities de- 
scribed in “Career Opportunities 
at the Timken Company”. Drop us 
a card, ask for one or both book- 
lets. The Timken Roller Bearing 
Company, Canton 6, Ohio, 








> TIMKEN STEEL 


TRADE-MARK REG. U.S. PAT. OFF 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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EDUCATION IN INDUSTRY 


IBM TRAINING INCLUDES CORNELL PROGRAM 


Employee education ranging 
from graduate study in engineering 
and physics to a cooperative pro- 
gram providing secretarial training 
for high school girls is a basic part 
of the operating philosophy of the 
Business Machines 
Corporation, The annual budget 
for all types of educational activi 
ties conducted by IBM is more 
than the expense of operating many 
universities. A technician 
training program conducted in co- 
operation with Cornell University 
is the most recent example of IBM's 
desire to develop talent from with- 
in its own organization by educat 


International 


large 


ing its employees, 

A variety of areas are covered 
by IBM sponsored courses and pro 
grams, The IBM Department of 
Education offers courses for em- 
ployees, customers and special pro 
fessional groups. A General Educa- 
tion Program includes adult educa- 
tion courses in Business, Technical, 
Engineering, and General Divi- 
sions. A graduate program = in 
Mechanical and Electrical Engi 
necring is conducted in coopera- 
tion with Syracuse University, Spe- 
cialized training is given in engi- 
neering, sales, customer engineer- 
ing, and other technical work. 

Extension course material is used 
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Richard Brandenburg, ME ’58 


for field employees unable to at- 
tend regular classes. Courses are 
given for customer personnel in 
IBM accounting and data process- 
ing, including statistical and com- 
puting methods, At the Watson 
Laboratory at Columbia University 
an extensive teaching program is 
conducted in conjunction with lab- 
oratory work in machine and math- 
ematical research and computation 
methods, IBM also cooperates with 
colleges and universities where 
IBM accounting and _ statistical 
methods are taught. 

Special programs conducted by 
IBM include toolmaker apprentice 
training, secretarial coop programs 
with high schools, and annual man- 
agement school sessions in which 
top level executives discuss their 
problems together free from rou- 
tine interruptions. 


Cornell Teaches IBM Technicians 
One of IBM’s most recent large 
scale educational ventures is the 
Undergraduate Engineering Train- 
ing Program now in progress at 
Cornell University, The purpose of 
the program is to train participants 
to become technically qualified to 
assume basic engineering responsi- 
bilities. The program attempts to 
gain better usage of employees by 


providing them with an opportun- 
ity to cultivate their technical tal- 
ents, In addition the plan alleviates 
the engineer shortage at IBM by 
freeing engineers for more ad- 
vanced problems. 

Selection of the first group of 
twenty students to participate in 
the program was made on the basis 
of educational and job experience, 
desire to participate, and competi- 
tive examinations. Each employee's 
record and test results were turned 
over to Cornell for final selection. 
Last summer the students stayed at 
the Delta Upsilon Fraternity house 
while taking regular courses in- 
cluded in the Cornell undergrad- 
uate engineering curriculum. 

The program began with a four- 
teen week summer course that 
started June 11. Instruction during 
the Fall term consisted of one 
course presented in Endicott by a 
Cornell professor, In like manner 
a single course will be taught in 
Endicott during the spring term. 
Next summer the students will re- 
turn to the Cornell Campus for a 
second and final 14 week session. 
By then the students will have 
completed 43 credit hours in basic 
math, physics, electrical engineer- 
ing and English offered a Cornell 
undergraduate, 
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Cottrell of the 
Engineering 


Protessor C, L 
School of Electrical 
has been named by the University 
as Special Class Advisor. Instruc- 
tors participating in the program 
are: Professor D. P. Randall from 
Syracuse University who taught 
physics in the special summer pro- 
gram, Professor W. R. Keast of the 
English Department, Morris Schrei- 
ber, Mathematics Instructor, and 
J. V. Sanders, Graduate Assistant 
Instructor in Physics. 

The students took three fresh 
man engineering courses during 
the first term of the summer ses- 
sion: Math 161, Physics 115, and 
English 111. During the second 
term of the summer session, they 
took Math 162, Physics 116, and 
Drawing 3112. This past fall, Math 
163 was taught at IBM facilities by 
Mr. Stanley Leja, and during the 
spring, Electrical Engineering 4110 
will be presented by Professor E. 
M. Strong, Next summer, students 
will take Math 607, EE 4111, and 
Physics 117, The program will con 
clude with EE 4112, 4116, and 
4121, Thus with heavy emphasis 


on electrical engineering, the stu- 
dents will get a thorough ground- 
ing in engineering courses enabling 
them to handle numerous basic en 
gineering problems on the job. 

At present, IBM 
evaluating the merits of continuing 
the Undergraduate 
lraining Program at Cornell. The 


officials are 
Engineering 


first group of twenty students will 
be the basis for deciding the over 
all benefits and methods of future 
programs. The apparent success of 
the program to date is indicated 
by remarks made by Dean of the 
College of Engineering S$. C. Hol 
lister, and Mr. C, L. Johnson, Gen- 
eral Manager of the IBM Airborne 
Computer Laboratory, at a dinner 
held in Statler Hall at the close of 
last summer's session. Dean Hollis 
ter stated the program was proving 
to be extremely worthwhile. M1 
reported that IBM is 
pleased with the progress of the 


Johnson 


program, 

Both Cornell Faculty and IBM 
officials believe the Undergraduate 
Training Program is a means by 
which the University can serve in 








dustry, and by which industry can 
reduce the effect upon national 
welfare of the shortage of techni 
cally trained workers. 


New Engineers Get Thorough 
Training 

Typical of IBM emphasis on edu 
cation is the eight to nine month 
training program for new engineer 
ing employees. The program is 
conducted on three levels—orienta 
tion to job situation; 
policy; 


company 
products and technical 
training related to mechanical and 
electrical product design; and per 
sonal development courses to bene 
fit the individual employee. The 
program, scheduled as a full time 
training assignment for two weeks 
and then half a day of classes com 
bined with half a day on the job 
1S geared to the needs of the indi 
vidual trainee as well as the job 
assignments involved. 

The IBM Commercial Products 
Laboratory in Endicott, New York 
offers a typical engineer training 
program in which the trainee is as 


signed to part time rotational job 





IBM students watch Professor D. P. Randall perform a lecture demonstration in Physics 115. 


MARCH, 1957 











Student W. L. 





Smith prepares a Physics 115 experiment to measure the speed of 


sound in air. 


assignments when his classes are 
not in session, These job assign 
ments are with active projects in 
volving many phases of laboratory 
operations, Staff instructors, senior 
engineers, plant managers and spe 
cialists are teachers for the pro 
gram 

An evaluation is made of each 
trainee to help him determine his 
progress during the training period 
in terms of class performance, per 
sonal characteristics, and funda 
mental abilities. Personal inter 
views with staff instructors are en 
couraged for individuals desiring 
guidance in a specific area, Upon 
satisfactory completion of the train 
ing program, each engineer submits 
a letter to the engineering person 
nel manager stating job preference 
and reasons for his choice. Final 
placement is made on the basis of 
departmental needs and the quali 
fications and desires of the indi 
vidual 


Phe curriculum of the engineer 
ing trainee program at Endicott re 
fects the thorough backgrounding 
IBM gives new engineering em 
Orientation 
clude: Principles of Data Process 
ing, Computer Programming, and 
IBM Organization, Technical 
electrical and phys- 


ployees courses in 


courses for 
ics majors include: Principles of 
Circuit Logic, Computer  Princi- 
ples, Electronic Digital Computer 
Circuit Design, Electronics Labor 
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atory and Instrumentation, and 
Electronic Packaging Practices. 
Mechanical majors take the fol- 
lowing technical courses: Principles 
of Computer Electronics, Computer 
Principles, Machine Design Analysis 
and Application, Design Standards 
and Practices, Experimental Me- 
chanical Measurements and Instru 
mentation, and Manufacturing and 
Assembly 
Technical Reporting and Creative 
combined with 


Practices. Courses in 


Engineering are 





student- conducted seminars to aid 
trainee personal development. In 
addition, trainees are assigned to 
a branch office for two weeks to 
acquaint them with problems re 
lated to IBM equipment encoun 
tered in the field. 


Graduate Study Sponsored 

IBM cooperates with Syracuse 
University in maintaining a pro- 
gram leading to a Master's Degree 
in Mechanical Engineering, Elec- 
trical Engineering, or Physics. 
Courses are conducted after work- 
ing hours in classroom facilities 
located at IBM plants in Endicott 
and Poughkeepsie. Two periods of 
an hour and a quarter each sepa- 
rated by a dinner hour make up 
an evening's class program. The 
teaching staff consists of professors 
on Syracuse University’s regular 
graduate school staff, 

The graduate degree program in 
cludes extensive counseling for in 
dividual students to aid in plan- 
ning an actual course program and 
in developing an approach to grad 
uate study, Each student is as- 
signed a faculty advisor from the 
department in which he expects to 
earn his degree, Out of class in 
formal discussion is encouraged as 
a valuable means of developing 
individual capacity for creative en- 
gineering work, Career develop- 
ment counseling is conducted by 
IBM department managers, provid 





Three students pool their knowledge to solve a problem in Physics lab. 
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Professor C. L. Cottrell, special Class Advisor, talks with students participating in the 
Undergraduate Engineering Training Program. 


ing a balance of advice that aids 
students both academically and in 
terms of job experience. 

Students 
course per semester, thereby earn 
ing their Master's Degree in ten 
semesters or less. The IBM-Syra 
cuse University graduate program 
represents industry -education team- 
work designed to give individuals 
with ability and initiative a chance 
for self development that makes 
them more creative engineers 


generally carry one 


Program Improves Technician 
Abilities 

An Electronic Technician Train 
ing Program conducted in IBM 
plants prepares graduates of two 
vear technical schools and persons 
with equivalent work experience to 
assume many responsibilities other 
wise given to graduate engineers. 
The engineers are thus freed for 
more advanced assignments, there 
by enabling more effective utiliza 
tion of limited technical manpower 
The full time program consists of 
ten 40 hour weeks and meets in 
two-hour-long sessions. Classes of 
no more than twenty students are 
conducted by two full time instruc 
tors, Other IBM personnel are used 
for specialized topics. Laboratory 
equipment, text materials, and 
course notes are provided by IBM 
Students are carefully selected on 
the basis of a spec ial aptitude test 
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and records of work experience. 
Courses included in the Techni 
cians Training Program range from 
a study of the basic units of IBM 
machines to the design of computer 
and magnetic circuits, Program ad 
ministrators realize that the train 
ing does not prepare all graduates 
to assume 
Rather, IBM management expects 


design responsibility, 
as a minimum result that the tech 
nicians will be above average mem 
bers of development teams with 
high potential for future growth 


General Education Covers Many 
Subjects 

Enrollment in any phase of IBM's 
General Education Program is an 
entirely voluntary step that enables 


an employee to receive instruction 


in four divisions: Business, Techni 
cal, Engineering, and General sub 
jects. Qualified IBM personnel as 
well as school and university facul 
ty members are utilized as teachers 
Classes meet two hours once a 
week for a total of twelve weeks 

Courses in the Division of Busi 
ness Education are designed to pre 
sent basic business administration 
skills and practices Some of the 
typical courses include: IBM prod 
Accounting Ma 
Data 


Typewriting, Shorthand 


ucts. Electronic 


chine Practice Processing 
Account 
ing, and Everyday Law 


Technical Division courses are 


presented on the level of technical 
institute training and _ include 
courses in IBM machine principles 
mathematics, electricity and elec 
tronics, industrial practice, mechan 
ics and materials, and manufactur 
ing and production, Engineering 
Division courses provide advanced 
training for graduate 
Courses are offered in the fields of 


engimecrs 
mechanics and materials, mathe 
matics and physics, electricity and 
electronics and computers. 

The General Education Division 
rounds out the overall education 
program by offering courses to 
enhance employee personal devel 
opment. Psychology, speaking, re 
port writing, conference leadership 
and creative thinking are repre 
sentative of the General Division 
subjects 

Specialized courses offered only 
to employees working in a particu 
lar phase of company operations 
may be added to the General Edu 
cation curriculum. 

IBM aids educational institutions 
desiring to offer course work in 
data processing and computers 
Schools may obtain IBM equip 
ment for instructional purposes at 
a discount of 20%. An additional 
20% discount is given if the school 
teaches a regular course in data 
processing from the scientific or 
business viewpoint 

Recognizing that formal educa 
tion, including engineering courses 
can provide only a_ basic back 
ground for an individual in a given 
field, IBM has attempted on a large 
scale to supplement basic employee 
knowledge with further training to 
develop more competent, creative 
workers, Extensive engineering ori 
entation, graduate study conducted 
at IBM facilities, a broad general 
education program, and the Under 
graduate Engineering Training 
Program in cooperation with Cor 
nell University reflect IBM’s em 
phasis on encouraging employees 
to improve their abilities 

The reason for IBM’s accent on 
education is summed up in the 
words of the President of the Inter 
national Business Machine Corpora 
tion. Mr, 1 |. Watson, |r “Know! 
edge supported by intelligence 
ambition and initiative, is a valu 
able asset. The more knowledg 
we can put to work, the more we 
can accomplish, in our own intes 


ests and in the interests of other 
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and 
Synthane laminated plastics report for work 


Printed circuit for popular television receiver 


uses a metal-clad Synthane Laminate. Such a 


circuit eliminates wiring, 
space and weight. 


wiring errors, saves 


Since the time when the heart of radio was 
the crystal and cat’s whisker, Synthane 
laminated plastics have been the recom- 
mended insulation in the vital and ever 
expanding communications industry. 

Turn on your TV or radio and Syn- 
thane goes to work as insulation in coil 
forms, transformers, tuners, plug-ins, 
switches, potentiometers, or as the 
metal-clad base for the entire printed 
circuit. Synthane also qualifies for im- 
portant work in radar, sonar and guided 
missile applications. 

Among the varieties of Synthane lam- 
inated plastics are several with insula- 


COMPRESSIVE STRENGTH 








DIELECTRIC STRENGTH 


tion resistance and dissipation factor ca- 
pable of controlling TV’s high frequencies 
—even under tropically humid conditions. 
But Synthane makes over 30 grades— 
each with its own proportion of useful 
mechanical, electrical and chemical vir- 
tues. You can buy Synthane laminated 
plastics in sheet, rod and tube form or 
avail yourself of our complete fabrica- 
tion service. 

We have a number of interesting and 
informative folders on Synthane proper- 
ties and applications. A post card will 
bring them to you promptly. Synthane 
Corporation, 13 River Road, Oaks, Pa. 


LIGHT WEIGHT WEAR RESISTANCE 


SYNTH ANE] ... industry's unseen essential 
ist 


SYNTHANE CORPORATION, 13 RIVER ROAD, OAKS, PA. 
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One of Cornell's outstanding 
professors in the College of Me- 
chanical Engineering recently 
changed his area of research from 
heat-power engineering to the sub 
ject of housing, The problem of 
finding a new home and moving 
into it has been occupying the time 
of Professor Norman R. Gay and 
his family of five since he decided 
to accept a position in industry. 
After more than ten years at Cor 
nell, Professor N. R. Gay has left 
to work for the Bendix-Westing 
house Company at Elyria, Ohio 

Born in Cortland, New York on 
August 17, 1919, Professor Gay be 
gan his engineering studies at the 
University of Rochester where he 
received his bachelor of science de 
gree in mechanical engineering. At 
Rochester, he ranked first in his 
class and graduated with distine 
tion, Despite his high scholastic 
achievements, Prof Gay still found 
time to be President of the Stu 
dent's Association, President of Psi 
Upsilon Fraternity, and President 


of the Newman Club 
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Faculty Profile. . . 


Professor N. R. GAY 


Among the varsity sports in 
which he participated were track 
basketball, and football, serving as 
co-captain of that team. He was 
elected to Phi Beta Kappa, Tau 
Beta Pi, Chi Rho, Mendicants, and 
Kaedaeans. While at Rochester he 
held the Rochester Prize Scholar 
ship and was awarded the Terry 
Prize. 

After graduating from Rochester 
in 1941, Prof. Gay was offered posts 
at Cornell University and Califor 
nia Institute of Technology. At that 
time the position of John Edson 
Sweet Research Associate was open 
at Cornell, and, when it was offered 
to him, he accepted it. While serv 
ing as Research Associate, Profes 
sor Gay spent much of his time 
teaching. He also worked with F. 
QO. Ellenwood and N. Kulik to as 
certain the specific heats of certain 
gases over wide ranges of pres 
sures and temperatures. Much of 
the data they collected is accepted 
today as standard in the engineer 
ing world 

While doing this teaching and 


by 


A. S. Rosenthal, EE °60 


experimental work, Prof, Gay suc 
ceeded in earning credits for a mas 
ter's degree but his work was cut 
short by World War II, From 1944 
to 1946 he was an Engineering and 
Executive Officer in the Navy 

In 1946 he was discharged from 
the Navy as a Reserve Lt. (jz) He 
returned to Cornell as an assistant 
professor and received his masters 
degree. Here he continued his work 
in the field of thermal engineering 
while teaching different 
courses, In fact. during the time he 


many 


has been here, Professor Gay has 
taught almost every course in the 
thermal engineering department 
Although he has taught a very 
W ide variety of COUTSECS he tends to 
specialize in the refrigeration and 
One of the 


whi h 


air-conditioning field 
many refrigeration labs 
Prof. Gay recalls is one in which 
the students are required to use the 
large York refrigeration unit. Aside 
from illustrating some of the basic 
principles of refrigeration, one por 
tion of the experiment requires the 


student to open or ¢ lose one of two 
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valves through which water flows 
under pressure, The experimenter 
must make certain that one of the 
two valves is always open, Many 
students have fallen victim to the 
old adage, “He who hesitates . 
while getting a refrigerated shower 
from a burst pipe; water is—after 
all—incompressible, 

In 1948 Professor Gay became an 
associate professor, His work at 
that time dealt with the determi 
nation of certain constants that 
would ease the computation work 
of the engineer, This work has been 
largely in the field of air-condition- 
ing. Formally, an engineer who was 
air-conditioning a large building 
would have had to consider the 
many variables which could permit 
heat to enter a structure. Professor 
Gays work in the field has pro- 
duced much information on the 
rate of heat transfer by glass, walls 
and other media. His work in this 
area saves the engineer the work 
involved in solving several differ 
ential equations 

Professor Gay's work in the field 
of heat and power engineering also 
includes various bulletins dealing 
with general methods to be em 


ployed in choosing and installing 
suitable heating and air-condition- 
ing facilities. In 1948 he and Pro- 
fessor C, O, Mackey worked to- 
gether to study some of the thermo- 
dynamic aspects of jet engines. A 
full account of this work appeared 
in the CornNELL ENGINEER.® 

While at the University, Profes- 
sor Gay devoted his time to many 
activities other than study and re- 
search, He is a member of the 
American Society of Engineering 
Education, formerly treasurer of 
the Cornell chapter of the Ameri- 
can Association of University Pro- 
fessors, and on several committees 
of the American Society of Heating 
and Air-Conditioning Engineers. 

At Cornell the Professor was 
elected to Sigma Xi, Pi Tau Sigma, 
and Atmos Society. He was a mem- 
ber of the University Committee on 
the Scheduling of Public Events. 
His continued interest in collegiate 
athletics is evidenced by his mem- 
bership in the University Commit- 
tee on Physical Education and Ath 
letics, He was also chairman of the 
Sibley Faculty Society on founding. 

As a member of the three man 
General Committee of the Mechan- 






ical Engineering School, he acted 
on cases involving students who 
had fallen below the Mechanical 
Engineering College requirements. 
Although this committee’s job is not 
always pleasant, it serves a happier 
purpose in that it studies any un- 
usual student schedule changes and 
reviews the entire course of study 
in the M.E, School. Prof. Gay feels, 
therefore, that by serving on this 
committee he helped promote the 
welfare of both the students and 
the faculty in the Mechanical Engi- 
neering School. 

Naturally, Professor Gay will 
miss many aspects of university 
life, He feels, however, that there 
are many phases of industry which 
will prove valuable to him, as an 
engineer. While working for Ben- 
dix-Westinghouse, he hopes to con- 
tinue his studies and research to 
some extent, Both the students and 
faculty of the engineering school 
wish him the best of luck in his new 
undertaking. 


* Mackey, C. O. & Gay, N. R., “A 
Thermodynamic Analysis of Jet Engines, 
Tue Cornett Enoineer, May, 1948, 
Vol. 13, No. 8. 
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Jogineering students face a 
world that drastically needs their 
skills and magnifies the weaknesses 
of their training. The ability of en- 
gineers to increase produc tivity and 
living standards with new power 
sources as well as shrink the world 
with high speed airplanes is a sig- 
nificant factor in modern living. 
But there is the menace of nuclear 
weapons. Millions of men, women, 
and children are hungry—physically 
and spiritually, There is racial fric 
tion and hot and cold wars. These 
facts challenge engineers to culti- 
vate a broad perspective in an age 
of specialization, The development 
of that perspective and the aware- 
ness of a human as well as techni- 
cal challenge in the future, should 
begin in the education of the un- 
dergraduate engineer, He must be 
gin not only to acquire the skills of 
his vocation, but to mold his habits 
of mind and personal philosophy. 

To focus on tomorrow's chal 
lenge for todays engineering stu- 
dents, THe Cornet. ENGINEER pre- 
sents a four part symposium: “The 
Engineering Student—The Problem 
and Promise of His Profession in a 
Nuclear Age.” The viewpoints of 
four men prominent in differing 
fields have been included in order 
to approach the role of the tech 
nically trained person in the mod 
ern world from four perspectives 
important to the student, John H. 
Hick, Assistant Professor of Philos- 
ophy at Cornell University presents 
the view of a teacher of the Hu- 
manities, Dr, |. L. Zwingle, Vice 


President of Cornell University, 


offers the view of an educator. Dr. 
Glenn A, Olds, Director of Cornell 
United Religious Work, 
the need to relate a working philos- 
ophy to engineering practice, Mr. 
Glenn B. Warren, Vice President 
and Consulting Engineer of the 
Turbine Division of the General 
Electric Company views the engi- 
neering student and his choice of 
profession as a leader in industry. 
The symposium is not intended 
to offer profound conclusions for 
the problems and possibilities fac- 
ing engineering students, Rather, it 
is designed to stimulate thought 
about personal attitudes and goals 
that determine the effectiveness of 
an engineer in his work. The four 
contributors have attempted to 
look ahead, realizing, in the words 
of Charles Kettering, that we must 
stop “backing into the future 
The future is the greatest natural 
asset we have. You make its value, 
depending on how you think,” 


discusses 


The symposium was prepared to 
encourage engineering students to 
inventory their preparation for 
work against the background of 
man’s struggle for survival. Power- 
ful social and political forces will 
influence and direct the use of na- 
tural forces and materials. Increas- 
ingly comple x technology will have 
increasing effect upon the lives of 
more and more men. Thus the en- 
gineer’s obligation to society will 

beyond the limits of his spe- 
cialty as he is called upon to bridge 
the gap of misunderstanding about 
his work, to communicate the im- 
port and benefits of his creations. 





The challenge of leadership will 
require today’s engineering  stu- 
dents to understand the ideas and 
beliefs of their fellow men and to 
effectively communicate their own 
ideas to others, Intellectual compe- 
tence in technical subjects must be 
buttressed by creative imagination 
and courage to think beyond the 
confines of training or experience. 
The four contributors have at- 
tempted to provide a stimulus for 
evaluating the means and ends of 
engineering education and __ life 
work. 

To be most effective as a student, 
competent in his profession, and 
creative as a human being, an en- 
gineer needs a personal working 
philosophy that relates him to the 
challenge of his time. THe CorneLy 
ENGINEER'S symposium, “The En- 
gineering Student—The Problem 
and Promise of His Profession in a 
Nuclear Age,” is based on the 
premise that meaningful living in- 
volves more than making a living. 
The articles are offered to students, 
engineering faculty, and men in in- 
dustry to stimulate thinking about 
the future of their profession. The 
editors realize that building a per- 
sonal philosophy is a life long proj- 
ect based on ideas and experiences 
that constantly challenge basic be- 
liefs. They hope that the articles 
will provide a basis for reevaluation 
of the role and responsibility of en- 
gineers in a world that needs not 
only their technical skill, but also 
their ability to understand and re- 
solve human needs. 

by Ricuarp Branpensurc, ME '58 
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The country needs more engi- 
neers, This news is blasted at us 
every day, in every possible way. 
Yet the high schools are teaching 
less mathematics and physics than 
ever before; and scientific subjects 
in general are suffering a decline 
both in qualified teachers and in 
interested students, 

Picture the freshman engineer at 
Cornell. He faces five long years of 
hard study. He looks around him 
and decides that nobody else is 
studying so hard. Yet if he reads 
the opinions expressed about engi- 
neering education, he learns that 
even after he has graduated, he 
probably will not be considered 
educated. He himself looks with 
some scorn, mingled perhaps with 
a little envy, at his fellow students 
in other fields and wonders, some- 
times out loud, where justice has 
fled. 

In the last hundred years, even 
in the last fifty years, the place of 
engineering among the vocations 
has changed so rapidly that the 
facts elude us. Hardly a moment's 
reflection is required to under 
stand that in engineering we now 
have one of the great new profes- 
sions. The engineer and the scien 
tist stand together as key figures in 
the sheer maintenance of our econ 
omy, to say nothing of the leader- 
ship required of these people in 
forecasting the future and develop 
ing the means to meet it. 

With the ever-increasing range 
of scientific knowledge and_ the 
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THE ENGINEER: 


A MAN WITH RESPONSIBILITY 


by 


J. L. Zwinele, 


Vice President, Cornell University 


ever-new means of production 
more and more time is required to 
train engineers and scientists. How 
shall we organize a course of stud- 
ies for these people which will 
make them competent technically 
and make them competent as hu 
man beings? This is a leading ques- 
tion in educational statesmanship 
today. As might be expected, how- 
ever, it is very hard to break the 
grip of habit, to re-examine the ed 
ucational program anew. Cornell 
made a great stride in this direction 

at great expense, too—when it 
adopted the five-year program for 












It took 
leadership to take this step right 


engineering. courageous 
when the foolish prediction was 
made that engineers would soon be 
in oversupply. 

At the center of this decision was 
the word “profession.” In past cen 
turies the great professional studies 
were theology, law, and medicine 
Yet not long ago, in this country 
professional preparation for these 
professions was highly irregular 
One could become a lawyer by 
passing the bar examination after 
apprenticeship in a law office. It is 
still possible to prepare for the law 
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by attending night school. Yet any- 
one who seriously contemplates a 
career in law today undertakes a 
full four-year undergraduate course 
in Liberal Arts and three years in a 
graduate school of law. At the end 
of three years in law, the candidate 
receives another bachelor’s degree. 
He then is listed as Mr. Prospective 
Lawyer, A.B., LL.B. If he wishes 
to do advanced work in law, he 
spends still more time. 


While theological training is not 
yet as clearly crystallized as legal 
training, the best practice demands 
the same thing as preparation for 
the law—seven years for two Bache- 
lor’s degrees (B.A., B.D.). In medi- 
cine we have seen the most rapid 
advance in requirements for pro 
fessional certification, Fifty years 
ago medical education was most ir 
regular, Now, however, we find not 
only the requirement for a Bache- 
lor's degree and a minimum of 
three years of preparation for the 
degree of Doctor of Medicine, but 
also the additional requirements of 
an internship and a residency, fol- 
lowed by further training if one is 
to qualify as a specialist. 

Now as to engineering a univer- 
sity is faced with two conflicting cir- 
cumstances: first, the problem of 
greatly increased enrollment, which 
necessitates every possible increase 
in educational efficiency; second, 
the need for ever-increasing sub- 
ject matter in engineering educa- 
tion, Clearly we cannot have it 
both ways, 

How then could a university re- 
solve this conflict? First, let us re- 
member that education is always 
approximate, In dealing with such 
a complex matter as the develop- 
ment of the human mind and per- 
sonality, it is fatal to assume that 
any system is perfect or can pro- 
duce absolutely predictable _ re- 
sults, Essentially all a university 
can do is to provide the circum- 
stances in which an individual can 
educate himself, Unfortunately we 
seem to have reversed this picture 
in American education, assuming 
falsely that the primary burden of 
education is on the institution, The 
university does have, however, a 
great responsibility for providing 
the best system possible, one that 
will make the right kind of de- 
mands on the student, one that will 
stimulate him to the maximum, 
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hold him to the maximum perform- 
ance, assist him in every way pos- 
sible once he has demonstrated his 
own initiative and determination. 

Second, it must be recognized 
that the university cannot assume 
responsibility for making up all the 
deficiencies of preparation, 

Third, the university must as- 
sume that the student will continue 
his education after he has gradu- 
ated, formally or informally, and 
thus that the university cannot hold 
itself responsible for teaching the 
student everything he is ever ex- 
pected to know. 

The central problem of organiza- 
tion for engineering education in a 
university then is the selection of 
those things which are absolutely 
fundamental both for general edu- 
cation and for professional educa- 
tion; and to err on the side of gen- 
eral education, assuming that in- 
evitably there will be a certain ele- 
ment of error in the system, To 
achieve more professional status, 
the engineering graduate must be- 
come more of a philosopher and 
less of a technician. Hence he must 
have some formal instruction in 
those subjects which stimulate phil- 
osophical habits of mind and a pro- 
fessional outlook on engineering as 
the discipline upon the work of the 
individual. 

How then should the university 
bring these abstractions into reality? 
In fact, the central administration 
can do little except raise the ques- 
tions, It is a job which can be done 
only by the faculty and the stu- 
dents. No scheme of education is 
worth any more than the effort of 
the individual to make it work. 
Further, as is true of all matters of 
educational policy, this is not sim- 
ply the responsibility of the engi- 
neering teachers, but one which 
concerns the entire university fac- 
ulty, 

To summarize a few opinions: 


the fiwe years now required at Cor- 
nell for engineering education 
should probably be increased to 
six; 

the trisemester year should be stud- 
ied as a possible improvement over 
the present two-semester year; 
the proportion of general education 
for engineering should be reserved 
for at least the third or fourth year 








if not the fourth and fifth year of 
a six-year program; 


industry should cooperate with the 
university in more programs of ad- 
vanced education after the engi- 
neer has been at work in his pro- 
fession for five years; 


the role of the engineer as a leader 
in society should be greatly empha- 
sized as the crisis in engineering 
education hangs on the question of 
quality, not of quantity. 


In the meantime what can the 
student do for himself? His course 
of study is pretty well set for him. 
His days are crowded to the full. 
How much choice does he have? 
The first suggestion is that he run 
a good, thorough survey of his own 
use of time. Very few students mas- 
ter the art of managing time. A 
great many students are burdened 
in mind mainly because they have 
not learned to plan. Almost every- 
body can improve in this respect. 

What if one finds a spot of time 
here and there? Aside from recrea- 
tion, there are two other ways to 
use this margin: to seek out teach- 
ers for conversation or to attend a 
lecture or read a book about a sub- 
ject outside the field of engineer- 
ing. He might do well to choose a 
student activity with some intellec- 
tual base. 

Perhaps the most 
thing, however, that the student 
can do for himself is to cultivate 
the right attitude toward himselt 
and toward his education. The big- 
gest handicap in education today is 
the lack of initiative and imagina- 
tion on the part of students them- 
selves, Too much of the drive must 
be exerted by the teacher. 

If students will approach the ca- 
reer of student life as they would 
approach the first job, achievement 
would rise sharply, It is a privilege 
to be a student. The life returns can 
be enormous, and the resources of 


important 


the entire university are at his com- 
mand. 

The engineering student stands 
on shifting sands. His curriculum 
is changing, his role in society is 
changing. But he stands on solid 
ground in that society needs him, 
and his responsible leadership. 
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THE ENGINEER: 


HIS NEED FOR EDUCATION 
AS WELL AS TRAINING 


by 
J. H. Hick, 


Associate Professor of Philosophy, 


To invite a teacher in the area of 
the Humanities to comment on the 
responsibility of the technically 
trained individual in the modern 
world is to invite a plea that the 
technically trained insist 
upon being also liberally educated. 
The basis of this plea is very sim- 
ple. Being an engineer (like being 
a physician, financier, physicist, en- 


should 


tomologist, educator, etc.) is one 
of the things that a human being 
may do; it is a part but not the 
whole of a man’s life. To be a hu 
man being remains a more compre- 
hensive, continuous, and in the end 
a more important occupation than 
the use of any specific techniques 
including those of the engineer. 
And the exacting training which is 
required for the special task of en 
gineering should not be allowed 
entirely to crowd out such prepara 
tion as has been found to be help- 
ful for the wider task of being an 
informed and responsible member 
of the human community. 

A training in engineering consists 
in the gaining of a certain high- 
level skill, or rather complex of 
skills. Preparation for the task of 
exercising the human prerogatives 
of freedom and responsibility (a 
task which we must al] undertake, 
whether equipped for it or not) is 
called education, and differs from 
a technical training in that whilst 
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in the latter one is trained in some 
particular field, such as machine 


design or industrial engineering 
in the former one is not educated 
in anything, but just educated. 
Education cannot be defined by 
reference to a body of informa- 
tion learned or an expertise ac- 
quired, In distinction from training, 


education consists in the develop 
ment of the individual's powers 
and capacities, and is reflected, not 
in the number of skills mastered 
but in the intellectual growth mani 
fested. 

This is not to say that a technical 
training has no educational value 
of its own. On the contrary, a disci 
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pline in the exact procedures of the 
Sciences must tend to develop 
objectivity and a respect for facts; 
and Cornell is, I think, wise in 
insisting that students in the Arts 
must include in their curriculum at 
least the elementary study of a Sci- 
ence, But although technology is 
incide ntally educational, education 
is neither its main purpose nor its 
main result. Technology requires 
and develops intelligence (as a 
combination of measurable capaci- 
ties and aptitudes) rather than 
culture, which is not commensur- 
able with intelligence and is a 
product of the individual's partici- 
pation in the values of his civiliza- 
tion. A certain degree of intelli- 
gence is indeed essential if the 
mind is to be capable of education. 
But intelligence is not enough. A 
highly intelligent Ph.D, in a techni 
( and sometimes is 
virtually uneducated, A man might 
successfully design a skyscraper or 

jet bomber, build a thermo-nu- 
clear reactor, plan an efficient pro- 
duction line, or even build up an 
industry—all achievements requir- 
ing a high degree of intelligence 
and an advanced technical compe- 
tence—and yet not be, in any sig- 
nificant sense of the terms, an edu 
cated or cultured person, 

Why does this matter? Why 
should the technically trained bur- 
den themselves with an obligation 
to be educated, when they are al 
ready perhaps over ‘burdened by 
the demands of their own technolo- 
gies? On what grounds is it claimed 
that culture when a 
purely technical training can often 
command twice the salary that an 
Arts degree makes possible? 


cal field can be 


is important, 


The answer lies in the relation 
between means and ends, and the 
superior importance of the latter. 
Technologies are means; they deal 
in the currency of power; and their 
value depe nds upon the ends which 
they make possible, The present 
stage of human civilization is one 
in which there is an abundance of 
technical skill, but great confusion 
as to the proper ends to be pur- 
sued, Man has today power out of 


proportion to his wisdom and un- 
derstanding. What the world des- 


perately lacks is not technical 
know-how, but moral and spiritual 
know-what and know-why; not 
power, but the capacity and dis- 
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position to use power wisely, A 
training in means is not enough; 
an education concerning ends is 
also required. 


The dangers that come from 
power unmatched by wisdom are 
twofold, affecting man’s outer and 
his inner life. Threatening our outer 
or material life is the peril from 
force which is not responsibly di- 
rected. If mankind launches upon 
itself the holocaust of nuclear war- 
fare, and regresses through the re- 
sulting chaos to a second Dark Age, 
this will be the achievement of the 
most technically advanced genera- 
tion, more successful than any of 
its predecessors in mastering the 
natural forces of the Universe, The 
fatal deficiency will not be in our 
power but in the ways in which we 
use our power. There has therefore 
never been an age when it was so 
desirable that those who control the 
forces which man has harnessed 
should also be responsible human 
beings, In other words it has never 
been so necessary that technolo- 
gists should be educated persons, 
and not merely the uncritical in- 
struments of industrial and political 
leaders. 


The threat to man’s inner life 
from power unmatched by wisdom 
is the danger that those who deal 
with power as technologists may 
become the servants of their ma- 
chinery, If a man spends his days 
in a labor itory or workshop elab- 
orating, inve nting or repairing ma- 
chinery, and is not also vitally re- 
lated to a wider environment tran- 
scending the world of the machine, 
then he is the slave and not the 
master of his mechanism. If he 
lacks an informed concern as to the 
ends and values which technology 
can serve, and a sense of responsi- 
bility towards his fellows, he is 
only a blind custodian of a blind 
god, Power should be regarded as 
a means and not as an end. But 
a purely technical training neces- 
sarily treats it for practical pur- 
poses as an end in itself. Such train- 
ing should therefore be supple- 
mented by that participi ition in 
the higher values of one’s civiliza- 
tion which we call education. This 
will both reveal the true status of 
power as a means, and will raise, 
and keep prominent, the question 
as to what ends are worthy to be 
pursued, 


The effectiveness of education 
for the right relating of means to 
ends arises from the character of 
the educational process, This is not 
an intellectual development in 
vacuo, unrelated to any subject 
matter, It involves an expansion of 
the individual’s awareness and un- 
derstanding of his specifically hu- 
man environment. To be educated 
should mean to inhabit this world, 
not simply as an intelligent animal, 
successfully earning living, but 
as a human being—that is to say, 
as a morally responsible agent with 
a concern for one’s community and 
a commitment to the welfare of 
mankind, This concern and com- 
mitment provide the material for 
education, which consists in the 
appropriation of, and participation 
in, some aspect of man’s culture 
his knowledge of his own past, his 
interpretations of the Universe, his 
imaginative creations, his specula- 
tions, his faiths. These constitute 
the traditional curriculum within 
which a Liberal Arts education is 
found: history, literature, languages, 
the classics, mathematics, art, phi- 
losophy, and the social sciences. 
Such are, in a familiar formulation, 
“those subjects which, in the his- 
tory of human civilization, have dis- 
tinguished themselves as the means 
whereby man has come to under- 
stand himself and the world in 
which he lives.” 

At the present time, under the 
Five-Year Program (in the devel- 
opment of which Cornell has 
played a pioneering role), students 
in the Schools of Civil, Mechanical, 
Electrical, and Chemical and Met- 
allurgical Engineering spend a por- 
tion of their University career in 
Liberal Arts studies, In theory, the 
equivalent in school time of one 
year out of the five is devoted to 
this extension and deepening of 
the student’s educational —back- 
ground, In practice, however, the 
system is not quite so favourable 
as this figure might suggest to a 
general non-technical education, In 
the curriculum for the degree of 
Bachelor of Civil Engineering, for 
example, if one discounts elemen- 
tary English as _pre-educational, 
being designed merely to make the 
student literate, and Public Speak- 
ing, as being a technique rather 
than one of the traditional Humani- 


(Continued on Page 36) 
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THE METAPHYSICS 
OF ENGINEERING 


by 
Glenn A. Olds, 


Director, Cornell United Religious Work 


What student these days has not 
heard, “This is a time of crisis!” 
Such word is no “news” to a gener 
ation bred in the shadow of a de- 
pression, two hot wars, and the 
chill of a continuing cold one, This 
is a generation that knows that 
two-thirds of the world goes to bed 
at night hungry and dies before it 
is thirty. It remembers, also, that 
the flowering of the scientific 
Germany 
moral Frankenstein, and the moral 
sentiment of the liberal spirit, a 
Munich. 

Having 
knows in his deeper moments that 


genius of produced a 


heard, every student 
there is no simple reason for “our 
crisis.” He is rightly suspicious of 
the neat analy SCS and dangerous 
dichotomies: physics versus psy 
chology; the machine versus man: 
science versus religion; and in ed 
ucational circles, the technical ver 
sus the liberal. The student knows 
that every “crisis” is, as the Chinese 
a “dan- 

knows 


wisely translate the term 
gerous opportunity.” He 
that our problem in education is 
not that we have too many engi 
neers and not enough liberal arts 
students, or vice versa, but that all 
too frequently the engineer is 


merely a “measurer” and the liberal 
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arts student merely “liberated” 
from any meaningful life vocation, 
rendering them both less than fully 
human, 





Our need, now as always, is for 
men who know who they are 
where they are, why they are, what 


they must do, and how to do it. It 
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is for men interested enough in 
meta-physics to be able to put 
physics in its proper place, to be 
able to relate nature and human 
nature in proper and creative ways. 
(Meta-physics from the Greek 
means, literally, “after” or “beyond” 
physics, and is used in a non-phil- 
osophical sense in these remarks. ) 

Every student knows that though 
man is a child of nature, he is a 
rebellious child. He comes from 
her, is bound by her; yet, in an- 
other sense, he transcends her 
stands over against her. His exist- 
ence is hyphenated, His life is a 
bridge between existence and 
meaning, the order of nature and 
the freedom of spirit. He is by na 
ture an engineer, son of the oldest 
art, born not of leisure or the lust 
for power, but of the necessities of 
his precarious and wonderful hu 
man situation, His is the art of 
transforming the goods of life into 
the good life, the understanding of 
nature into the preservation and 
perfection of human nature. 

Occasionally man is trapped by 
one or the other—sheer existence 
or abstract meaning and surren 
ders his hyphenated life for a pe 
riod, He may surrender to nature 
through the despair of death or 
finding no higher meaning than the 
dust, as in various cultural forms of 
materialism, Or he may reject na- 
ture and seek consolation through 
various forms of abstract meaning, 
as in various forms of pure ideal 
ism, Such abstract idealism is fre- 
quently a luxury that rests solidly 
on the shoulders of others more 
earthy minded—or bodied! 

Our own history in the West sug- 
gests that these are false abstrac- 
tions, swiftly passing. Our heritage 
from Greek, Hebrew, and Christian 
sources affirms that man “in reality” 
is made to relate, to engineer na- 
ture into the service of the free 
spirit, to mirror the activity of God 
in creation, to serve as a bridge be- 
tween existence and meaning, to 
translate vision into action, form 
into fact, power into perfection, To 
forget this is to cease not only to be 
an engineer but to be truly human, 
and makes man into the mirror of 
his own measuring, a methodical 
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machine, a dull clod, or the image 
of an abstract god. 

It would be presumptive and be- 
yond the scope of this brief state- 
ment to trace the philosophy and 
method for producing such “real 
men”, though nothing short of this 
should content anyone concerned 
with the meaning and mission of 
education in our time. It will per- 
haps serve this occasion to suggest, 
not in terms of courses, curriculum, 
or life objectives, but in terms of 
, habits of mind, and re- 
sponsibilities, what this might mean 
to the engineering student today. 

The root of engineering, con- 
ceived as this basic human art of 
relating nature and human good, 
lies far back in time. Akin to the 
religious spirit (the Latin root for 


motives 


religion means “to bind together” ) 
this root develops in the soil of 
curiosity, wonder, and the sense of 
relation. Enriched by reverence be- 
fore the world’s mystery and by 
hope in the presence of man’s 
power and freedom, this funda- 
mental root of engineering is man’s 
desire not to master but to minis- 
ter—to minister to human good 
through the mastery of nature and 
her goods. The desire to be a bridge 
is the root of the skill to build a 
bridge. Let this root go untended 
for long, and the fruit begins to 
wither and rot on the vine. Service 
gives way to power, power per- 
verts, and the perversion blinds us 
to our true nature, need, and prop- 
er function of our skill. 

The dilemma of the 
porary engineering student lies fre- 
quently here. Inheritor of a funda- 
mental art long since become a 
technical skill, he fails to see or 
tend the soil that serves his skill. 
Increasingly, then, in order to keep 
his study alive and his vocation 
relevant he must find artificial or 
secondary supports, such as fear of 
failure, hope for the right contact, 
professional prestige and material 
success. In such a climate it is not 
easy to find, much less keep alive, 
the sense of service. 

Still, the tools of his trade can be 
the instruments of recovery of the 
deeper art, his raison d'etre as an 
engineer, The habits of mind that 


contem- 








he must cultivate can draw out the 
sense and import of the earthy soil 
of curiosity, wonder, and the sense 
of relation. Curiosity, of itself, can 
parent weeds of wild-eyed fancy, 
irresponsible conjecture, and 
strange superstition. The serious 
student knows it must be tended, 
tilled by critical thought and ever 
widening acquaintance with fact. 
Wonder, too, may invite escape into 
a world fabricated only by a wish. 
It must be domesticated without 
being destroyed, harnessed to hard- 
headed analysis of realities and 
possibilities, made relevant to man’s 
resources and reason as well as his 
imagination. The sense of relation, 
root of man’s reason, must also be 
renewed through living contact 
with other minds and other realms 
of fact. Reverence before nature’s 
mystery may foster blind piety or 
unthinking acquiescence, even as 
hope in man’s powers may lead to 
arrogant pride, Both need the dis- 
cipline of controlled experiment, 
the long nights of patient testing 
that are the lifeblood of the engi- 
ner. The engineer’s mastery of na- 
ture must be matched by humility, 
to save him from the temptation to 
master men; concern to serve must 
be matched by solid skills to make 
the motive one with deed. 

In a world broken into fragments 
of thought and life, resources and 
men, the deep desire to relate, at 
the root of the engineer's practice, 
needs to be nurtured by the search 
for fundamental unities, proce- 
dures, and principles that is part 
of his skill. The engineer needs the 
flexibility to translate from one 
frame of reference to another, in 
idea, material, or structure, in order 
to wean himself from provincial- 
ism, the dogma of the particular, or 
the idolatry of a single frame of ref- 
erence. 

To be sure, this road is danger- 
ous. Discipline, forgetting its root 
or goal, can become deadly. Habits 
of mind harden, The servant be- 
comes the master. Cultivation that 
forgets the soil and seed can uproot 
and destroy. Service and skill, con- 
cern and competence belong to- 
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THE ENGINEER: 


A LONG RANGE VIEW OF HIS WORK 


This Christmas my wife and I 
opened a large package sent to us 
by our older son and his wife as a 
Christmas present, The gift turned 
out to be a very old oil painting, 
probably by an obscure painter, As 
we looked at it close up, it seemed 
to be merely blobs of color without 
either form, beauty, or meaning. 


On moving it over to the mantle 


piece above the fireplace, however, 
and standing across the room, it 
came to life as a beautiful seascape 
looking into the sunset filled with 
beauty, meaning, and life. The 
golden sun was reflected on the 
swells and one could almost hear 
the surf pounding in the fore- 
ground, So it is apt to be with al- 
most anything, particularly one’s 
life work. Let us take an “across 
the room” look at “engineering” 
which many of you recently and 
which I more than forty years ago 
selected as my life's principal work. 

First, what is engineering? Re- 
cent editions of Webster's diction- 
ary define it as, “Applied science 
concerned with utilizing inorganic 
products of earth, properties of 
matter, sources of power in nature 
and physical forces for supplying 
human needs in the form. of 
structures, machines, manufactured 
products, precision instruments, in- 
dustrial organization, the means of 
lighting, heating, refrigeration 
communication, transportation, san- 
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itation, and public safety and other 
productive work.” 

I like to think of engineering 
more broadly and more simply as 
the art of applying the results of 
scientific discoveries to the mate- 
rials and forces of nature for the 
service of mankind. 


Vice President, Turbine Division, 


Originally the term was applied 
to the running of engines, then 
military engineering came to be 
recognized. After that and for a 
while all other kinds of engineering 
came to be known as civil engineer- 
ing—which still later was subdi- 
vided into our modern usage of 
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civil engineering, then mechanical, 
electrical, mining, structural, metal- 
lurgical, aeronautical, electronic 
and now many, many more subdi- 
visions—with the end not yet in 
sight. 

In the first place and from the 
closer look, to one who loves his job 
engineering is one of the most re- 
warding vocations one can get into, 
An old boss of mine, and an out- 
standing successful engineer who 
had many outside interests and 
hobbies, once said to me, “Isn't it 
a shame that we have to spend so 
much time on our job, but isn't it 
a blessing that it is fun,” and I 
know of no better way to put it. 
To the well-trained and capable en- 
gineer his job and the sense of 
achievement it gives represents 
some of the most rewarding expe- 
riences in life. 

Let us, however, take this longer 
look at engineering by comparing 
what the world was like in the 
“pre-engineering” days with what 
it is like now in the western world 
where we have the highest devel- 
opment of the art and application 
of science, engineering and indus- 
try—which go together, Let us look 
in comparison also at what life is 
like in other parts of the world 
which are even now living in a 
great extent in a “pre-engineering 
way.” 

Most authorities say that engi- 
neering as we know it is but 150 to 
175 years old. The graph shows a 
plot of some data which has been 
gotten together showing the in- 
crease in the average per capita 
income in the United States of 
America over the last 450 years, 
and with some similar more ap- 
proximate data on countries living 
in a pre-engineering civilization to- 
day. Above the curve are listed a 
number of very significant world 
events or movements which were 
required to lay the foundation for 
what started about 1775. Some of 
these are (1) the principles enunci- 
ated by Francis Bacon (and Roger 
Bacon three hundred years earlier ), 
(2) the Renaissance and (3) the 
Reformation that let men think 
again, (4) the invention of mov- 
able type printing that spread 
knowledge, (5) Newton's laws of 
motion which permitted the design 
of machinery, and other innova- 
tions indicated and not shown laid 
the foundation for the growth of 
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science, engineering, and industry 
which in turn produced the explo- 
sive progress of our economy from 
1800 on. 

The present low productivity of 
the many nations still in the pre- 
engineering stage is also shown by 
the lines in the bottom right-hand 
corner, 

Now many in looking at this 
curve will say, but surely the great 
civilizations which flourished as in 
Alexandria, Egypt, in Greece and 
in Rome 2000 years ago or in the 
capitals of Europe in the 18th cen- 
tury were at a level of productivity 
higher than shown here. This curve, 
however, is on the basis of produc- 
tivity per capita and these city civi- 
lizations were great because they 
were based on slavery or other 
means of exploitation of labor, and 
the apparent riches of the few in 
these cities were distilled out of the 
frightfully low productivity of the 
masses by means of military or eco- 
nomic exploitation. 

Mr. Crosby Field, an engineer of 
note, has made a study of this and 
the following quotations from his 
recent paper, “The Engineer's 
Greatest Achievement” in the 
March 1956 issue of MECHANICAL 
ENGINEERING, are of interest, point- 
ing out that such exploitation has 
been largely eliminated by the en- 
gineer. 

“The hypothesis that no city civili- 
zation of any early time existed on 
any base other than slavery is sub- 
stantiated by every archaeological find 
today! Moreover, the higher the de- 
gree of civilization, the greater the 
number of slaves.” 


“The Great Pyramid of Cheops re- 
quired 100,000 slaves for 20 years.” 
(to build) 


“Of course slaves could not marry, 
but all progeny of a slave, whether 
by slave or free person, was slave. 
Slave breeding farms did exist in 
most ancient cities, but they did not 
do well. Their operators learned just 
as did our own negro slave breeders 
that raising a human being for the 
market was much more expensive 
than letting him grow to maturity free, 
and then kidnapping him. Even when 
slave breeding did become profitable 
in peacetime a good war, with its 
mass kidnapping, would be sure to 
put it out of business. 


“Most of the wars of that time were 





in reality little better than large kid- 
napping raids,” 
oO ao o 
“In Charlemagne’s time slavery was 
not confined to the mines, but in his 
dominions it was the universal source 
of labor, even that of Church lands. 
For example, about the year 796, he 
appointed the English scholar Alcuin 
to be Abbot of Tours, a monastery 
with possessions so vast that its 
lands were worked by 20,000 slaves.” 
o o ow 


the removal of the need for 
human slavery is in fact his (the en- 
gineers) great contribution to the 
world, How has he accomplished this? 
By the substitution of cheaper me- 
chanical power for the apparently 
cheap but relatively more expensive 
muscle power of the slave.” 


“Although many figures have been 
given, yet they may all be summarized 
by saying that in the pre-engineer 
civilizations the average number of 
human slaves per free man varied 
from one to ten, every American to- 
day has the equivalent on an energy 
basis of 260.” 


We commonly look upon this in- 
creased productivity and call it our 
increased “standard of living.” I 
fear that in connection with this 
many people disapprove and see 
only the increased “gadgetry” of 
the upper third of the population, 
the cars, the TV sets, the more 
luxuriant condition of living, and 
what they might call the “froth.” 
Instead, the real situation is that 
never before in the world’s history 
has there been a society in which 
the income of the lowest workers is 
as Close percentage-wise to the in- 
come after taxes of the highest 
paid official, or politician, or capi- 
talist or boss as in our modern en- 
gineering influenced countries. 

Never before has there been so 
little want in per cent, so little suf- 
fering from that standpoint. We 
have new and better hospitals and 
schools, better working conditions 
in the factories, more healthful sur- 
roundings in the shops and the 
neighborhoods, a beginning at slum 
clearance and healthful suburban 
living with much more to come, 
the beginning of better salaries for 
teachers, college professors, minis- 
ters, nurses, policemen and military 
personnel, and for all kinds of pub- 
lic servants, 


THE CORNELL ENGINEER 





We have electric appliances in 
the home that have eliminated the 
servant problem and the low stand- 
ard of living problems of the serv- 
ant, and that have given the wife 
and mother more time for her fam- 
ily, community, and for her cultural 
development. We have automatic 
coal mining machines that are up- 
grading the work of the miner and 
eliminating his back-breaking toil 
and making mining the highest 
paid trade in this country today 
great “bull- 
mi unaged by one 


Earth is moved by 
dozers” that are 
man and yet that do the work for- 
merly done by scores of men and 
Then there are the many 
increase the 


animals. 
machines used to 
productivity and ease the labor and 
isolation of the men and women 
on the f We have an ease, 
facility and speed of transportation 
of goods and people such as never 


farms. 


existed before. 

As stated by Crosby Field, slav- 
ery has been largely abolished 
the world, except under Commu- 
nism, and because the machine has 
made human slavery unprofitable. 
Great laboratories are discovering 
pe nicillin, strepteomycin, polio vac- 
cine, and scores of other drugs of 
equal value with more to come, 
and industries are being organized 
to produce these things so prolifi- 
cally and cheaply that all may have 
their blessings. These and many 
more things, not all good, but good 
on balance, it seems to me, we 
should think of when we think of 
high productivity, and in all of this 
the engineer has played an indis- 
pensable role, 

Now you will ask, what of the 
future? We are by no means at the 
end of this industrial expansion in 
this country, and much of the rest 
of the world is just beginning this 
Also, the rapid pro- 
activity 


development. 
liferation of new fields of 
for the engineer, coupled with the 
increasing depth of understanding 
of and quantity of engineering 
work required by all modern tech- 
nology are creating a demand for 
engineering services in both quality 
and quantity that was scarcely 
dreamed of ten years ago. Whether 
in peace or in defense of our coun- 
try and our way of life, for which 
the services of the engineer are in 
great demand, the engineer has an 
important and honored place in life 
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today and will have even more so 
in the future. 

A few years ago the engineer 
could rightly claim that he was 
not being properly rewarded for 
his work, The law of supply and 
demand has pretty well taken care 
of that, and today financial rewards 
are very much improved, We are 
faced now with an increasing short- 
age of engineers and _ scientists. 
Here again, the law of supply and 
demand will take care of that. We 
can see it acting now in the increas- 
ing engineering enrollments in the 
colleges. In the meantime and in 
the future, one of the highest call- 
ings of the young engineer or sci- 
entist is that of teaching in high 
school, college, or university, and 
one of the urgent obligations of the 
engineer in practice is to act as an 
older advisor, teacher and source of 
inspiration to his younger engineer 
associates 
Then in view of much of the 
foregoing, we engineers have still 
another obligation, Less than 25 per 
cent of the world’s population is 
now living under the advantages 
of a modern engineering and _ in- 
dustrial standard of productivity 
and living. The remainder of the 
world’s population is just waking 
up to the tremendous potentials 
available to them if they can avail 
themselves of these advantages and 


this way of producing goods and 
services, 

It took us 175 years to reach this 
point. Much of our productivity 
had to be diverted to tools and 
capital in order that the engineers 
and industries could use them in 
increasing worker productivity and 
so bring about this result, We can 
help other countries some by ex 
porting goods and capital tools on 
credit or by give-away, but the 
amount of this we can do is in 
finitesimal in comparison to the 
need, Like us, these other countries 
must produce their own tools and 
capital and goods, In helping them 
however, one of the great contri 
butions we can make 
portation of scientific, engineering 
and management know-how, This 
we can do by example, by papers 


is in the ex 


published j in technical periodicals 
by opening our doors and hearts to 
students from all over the world 
and then by some of you exporting 
services by 


yourselves and your 


means of careers in the far corners 
of the world. 

In view of all of these things, it 
that for one 


and trained for it, an engi 


seems to me who is 
fitted 
neering career is not only a most 
rewarding personal career, but one 
for which the world has great need 
and which offers rare opportunities 
for service 














HICK 


(Continued from Page 30) 


ties, there remain twenty-four 
hours, including twelve free elec- 
tives, to be used outside the Col- 
lege of Engineering. If the student 
takes advanced ROTC courses 
these will require his twelve elec- 
tive hours, In this case his ac- 
quaintance with the Liberal Arts is 
confined to two courses in the His- 
tory of Science and two in Eco 
nomics, If he does not take the 
advanced ROTC courses he has his 
twelve elective hours with which 
to explore further the realms of hu- 
man history, literature and thought. 


It is not for one who is ignorant 
of Engineering to say whether a 
more liberal allowance of time 
could be allotted to the Arts in an 
Engineering curriculum, without 
jeopardising the quality of the 
technical training provided. But 
speaking purely from the point of 
view of the Humanities one must 
say that the student who expends 
his elective hours in ROTC can 
hardly qualify, on the strength of 
his Cornell curriculum, as an even 
mildly liberally educated person. 
Likewise, the student who uses his 
twelve elective hours within the 
area of the Arts can hope to receive 
only the beginning of a liberal edu- 
cation, 


It may be that there is no satis- 
factory solution to this problem. 
Certainly | am not myself compe- 
tent to propose a solution, The 
problem does however remain a 
real one. In the meantime, Engi- 
neering students should be urged 
by their advisers to take the fullest 
advantage of the elective system in 
order to lay the foundations of a 
liberal education—foundations up 
on which they may build in later 
life. Probably, in point of fact, many 
students look upon the necessity to 
take Arts courses as merely de lay- 
ing their careers as engineers, But 
| return to the thought with which 
| began, The engineer is also a hu- 
man being. As well as requiring a 
training, he deserves an education 
And to the extent that he is aware, 
or can be made aware, of the rich 
heritage of human culture awaiting 
his exploration and enjoyment he 
will be eager to grasp all the edu 
cational opportunities available to 
him 
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gether. Recovery of the roots need 
not discount the fruits. It only as- 
sures us that the fruit will be kept 
fresh and growing. This is the criti- 
cal need in our time. From this 
school in discovery and translation 
there is no graduation. It alone 
leads toa larger life. 

But cultivation of the sense of 
service, disciplined through habits 
of mind, must be finally schooled in 
responsibility. The engineer is the 
“rope stretched across the abyss” 
between human need and nature’s 
abundance, His art is truly sacra- 
mental, He may forget this, reject 
this, or seek to change this, but he 
cannot cease to be this and remain 
an engineer, All his skill and wis- 
dom focus on this critical relation. 
He draws his insight from both 
banks—natural and  human—to 
which he is inescapably related. If 
his mastery of nature outruns his 
ministry to human need, he builds 
a bridge already strained at the 
center. The range of the world’s 
resources is ringed about by human 
need in such pathetic urgency that 
only the blind could miss the proph- 
ecy. Nature’s resources and human 
need belong together, and it is the 
engineer's high calling, indeed, his 
responsibility, to relate them. His 
art provides the precarious thread, 
the dizzying height over the abyss. 
It bears the weight of the future. If 
he fails, his failure is not merely a 
matter of personal or professional 
profit. It is meta-physical! For to 
fail here is to fail not in physics but 
in what comes before and goes be- 
yond physics—the human venture. 
It is to fail in the oldest art, the art 
of transtorming existence into mean- 
ing, life into the good life, nature 
into something more divine. 

The deeper meaning of engineer- 
ing cannot be grasped by a passive 
perception or by shi illow’ sense, 
There is nothing shallow about en- 
gineering. There is something ulti- 
mately profound about the roots 
and fruits of this basic human art. 
Indeed, one might say that only 
this deeper meaning makes the vo- 
cation of engineering adequate to 
the necessities of our time and the 
possibilities and responsibilities of 
our human situation. 
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In recent years, the quantities of 
chemicals produced by the industry 
have increased to make their trans- 
portation by tankship both practi- 
cal and economical. Nickel-clad 
steel was used in the tanks to 
handle caustic in the “Marine Dow- 
Chem”, In another application, the 
“Chemical Transporter’, Type 304L 
stainless-clad was selected for the 
tanks to handle formaldehyde and 
acetic acid. j 

Even the wine industry is get- 
ting into tankship transportation of 
their products. To the salvaged 
stern end of a tanker which broke 
in two is being added a new for- 
ward section containing Type 316L 
clad steel tanks. This tanker will 
carry wine from the West Coast for 
distribution in the East. 

An example of the salt water re- 
sistance of Monel-clad is the swim- 
ming pool on the super liner, “S.S. 
United States”, Weight savings and 
freedom from costly maintenance 
were made possible with Monel- 
clad construction over the conven- 
tional tile-lined type of pool. 

Another sea water application of 
Monel-clad is its use in the Early 
Warning Radar Platforms, known 
as Texas Towers, located along the 
New England coast. These huge 
triangular-shaped platforms rest on 
three caissons ten feet in diameter. 
Carbon steel with cathodic pro- 
tection is used for the totally im- 
mersed sections of the caissons, but 
thirty-five feet of Monel-clad were 
used for the sections of each cais- 
son in the tidal and splash areas 
where the metal is alternately ex- 
posed to salt water and sea air. 

An example where cooperation 
between industry and our univer- 
sities proved fruitful can be found 
in the application of clad to bridge 
bearing plates. Type 310 stainless- 
clad steel was selected because of 
its physical properties and atmos- 
pheric corrosion resistance, After 
exhaustive testing at the Sibley 
School of Mechanical Engineering, 
Cornell University, the material has 
been used in a number of bridges, 
among these being the Walt Whit- 
man Bridge across the Delaware 
River between Philadelphia and 
Gloucester, N.]., now under con- 
struction. 
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> farming forests 
> chromyl chloride 
> aluminum chloride 


Farming Forests 

As Joyce Kilmer put it, “Only God 
can make a tree,” but we are not im- 
modest in saying that now science can 
make it grow better and faster. 

This is the revolutionary concept of 
silviculture: treating a tree as a crop 
—for its cellulose content. Its purpose 
is to make available more and cheaper 
pulp and paper products. 

Forestry has long been held back by 
the concept that a tree will grow, if it 
just has enough water. For years we 
have practiced extractive forestry by 
cutting down our natural, virgin for- 
ests for wood products. When this area 
is restocked, or when it is farmed and 
then returned to the growing of trees, 
the growth is inferior, because plant 
foods — nitrogen, phosphorous, potas- 
sium — have been lost from the soil. 

The solution to this problem is sim- 
ply putting food back into the soil, but 
most foresters have felt that giving 
trees nutrients is generally impractical. 

To determine exactly how practical 
it is to fertilize trees, Allied Chemical’s 
Nitrogen Division sponsored a five- 
year study at North Carolina State 
College. This pioneering work, just 
being completed, indicates beneficial 
effects of plant food on Loblolly pine. 

Other recent studies have revealed 
that fertilization produces a 40 to 65% 
increase in tree growth, cutting years 
off the growing cycle of pulp wood. 

3y speeding a tree’s growing time, the 
forester gets a faster turnover of capi- 
tal and shortens the time the tree is 
exposed to danger from fires or pests. 

Growth is the most dramatic indi- 

cator of forest fertilization. But there 
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are many more advantages : an increase 
in sap and nut production, and in the 
quality and quantity of seeds ; a healthier 
tree, better able to stave off fungus 
and pest attacks; a better root system 
and thicker foliage, making the tree 
more efficient. 

Aerial fertilization is an important 
economy, for dusting planes can “feed” 
hundreds of trees in a day. 

What is believed to be the first aerial 
application of a complete fertilizer to a 
forest recently took place at Rutger 
University Dairy Farm at 

Seemerville, N. J. The test, on an 11 
acre stand of red pine, was by Rutgers’ 
Forestry Department and Allied’s 
Nitrogen Division. 


Re eare h 


Fertilizers currently being used in 
forest studies are ArcapiAn 12-12-12 
—a balanced, granular (nitrogen-phos- 
phorous-potash) combination, Arca- 
DIAN Urea 45—a high analysis, pel- 
leted, 45% nitrogen fertilizer, and 
ARCADIAN nitrogen solutions. 

In conjunction with its field studies, 
Nitrogen Division is also sponsoring 
the first world-wide bibliography of 
forest fertilization with a grant at the 
College of Forestry of York 
University at Syracuse. 


AT 
NCW 


This definitive work contains over 
600 references, and the important point 
is that most of them relate studies 
which show a favorable response to 
forest fertilization. The Allied Chem- 
ical-New York University bibliography 
demonstrates that it is technically feas- 
ible to fertilize our forests. The Allied 
Chemical-North Carolina test demon 
strates that it is economically feasible. 


ARCADIAN and Sotvay are Allied Chemical trademarks 
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Chromy! Chioride 


A new chromium chemical—with many 
unique properties—has been developed 
in a high grade of purity by Allied’s 
Mutual Chemical Division. 

Chromyl chloride (CrO2 Cle) is a 
volatile liquid, characterized by its 
cherry-red color, soluble in carbon 
tetrachloride and similar solvents. In 
undiluted form it is a strong oxidizing 
and chlorinating agent, reacting so vig 
orously with many substances as to 
cause ignition. 

In suitable solvents, many controllable 
and selective reactions may be carried 
out between organic materials and 
chromyl chloride. It i 
rial for making chromium organic com- 
pounds, some of which have unique and 
useful properties 
and bonding materials, 


a starting mate 


as surface coatings 


Until recently, the researcher need- 
ing chromyl chloride was required to 
prepare it himself. Mutual Chemical 
has since put this interesting chemical 
in pilot plant production, 


Aluminum Chloride 

We can only suggest the variety of uses 
to which aluminum chloride (AICIs) 
can be put. It is, 
lyst in chemical synthesi 
reactions in the production of dyestuffs 
and intermediates, insecticides and 
pharmaceuticals; most recently, it is 
finding use for the first time in alumi- 
num plating. 


for example a cata 
it promote 


The older and perhaps more often 
thought of application is in the Friedel- 
Craft SOLVAY 
aluminum chloride is produced as a 
high quality crystalline solid and is 
shipped in a variety of granulations. 


reaction. anhydrous 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor- 
tunities. Allied divisions offer 
rewarding careers in many dif- 
ferent areas of chemical research 
and development. 


ALLIED CHEMICAL 
61 Broadway, New York 6, N.Y, 





FORECAST: There’s a 
world of aluminum in 


the wonderful world 


of tomorrow 


NEEDED: 


Imagineers 
with a 
sense of 
adventure 


WRITE for your copy of A Career for You With Alcoa 


Aluminum is where the excitement is. New uses, new designs, Aluminum Company of America 
more metal being produced than ever before. Tomorrow will ¥ 1825 Alcoa Building 
be even better. Maybe you’ve seen Alcoa’s Forecast ads in 
Time, Saturday Evening Post, The New Yorker. 

The men who will make this forecast come true are in °*) Please send me a copy of A Career for You With 
college today. Perhaps it’s the man who sits next to you in Alcoa. 
Advanced Phys Met or Machine Analysis or Heat Power 
Design or Chem Engineering Kinetics or Markéting or Cost 
Accounting. Or maybe it’s you. 

If you have that extra spark of imagination... creativity 

.. adventurousness ... take the first step: see your Place- CITY AND STATE 
ment Director or write for your copy of Alcoa’s Career 
Guide. It tells an exciting story . .. of the future of the COLLEGE 
young Imagineers who join up with the men who built the 
aluminum business. 


Pittsburgh 19, Pennsylvania 


NAME 


ADDRESS 


DEGREE 


C THE ALCOA HOUR DATE OF GRADUATION 
TELEVISION'S FINEST LIVE DRAMA 
- ALTERNATE SUNDAY EVENINGS 
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Progress and Diversification 
AT PITTSBURGH PLATE GLASS COMPANY 


The year 1956 was a good one for the Pittsburgh Plate Glass Com 
pany—and the Company looks confidently to 1957 as anothe: 





year of progress in its widely diversified fields of operations. 


GLASS 

Window and plate glass 
plants operated at capacity 
in 1956. Partial production 
was started at Pittsburgh 
Plate’s new Cumberland, 


Md., plate glass plant. 





PAINTS & PLASTICS 

Many new products, including Duracron 
acrylic enamel were introduced in 1956 for 
both consumer and industrial use. Addi- 





tional capacity is being planned in 1957 for 
Selectron Plastics, a series of versatile 
thermosetting resins. CHEMICALS 
During 1956, wholly-owned 
subsidiary, Columbia- 
—= Southern Chemical Corpora- 





tion, began operating at 
titanium tetrachloride plant 
at Natrium, W. Va. A new 
trichlorethylene plant was 
completed at Barberton, 
Ohio. 





RESEARCH & DEVELOPMENT 


Expanded facilities in new and modern labora- 
tories, plus growing budgets, assure new and 





improved glass, paint, chemical and other 
products. New techniques and equipment, 
perfected by research and development teams, 
are helping speed production. These forward- 
looking programs not only mean continued 
progress at Pittsburgh Plate and Columbia- 
Southern, but also better products and service 


FIBER GLASS for the customer. 
Production facilities for both Superfine and 
OUTSTANDING CAREER OPPORTUNITIES 


Progress and diversification at Pittsburgh Plate is providing excellent career 
opportunities for qualified graduates. If you are interested in putting your 





textile fibers were expanded during 1956 at 
the Company's Shelbyville, Indiana plant. 


talents and initiative to work where they will be respected and rewarded, by 
all means look into your career possibilities with Pittsburgh Plate Glass 
Company. Write to General Personnel Director, One Gateway Center, 
Pittsburgh 22, Pa. 





lp PAINTS + GLASS « CHEMICALS + BRUSHES + PLASTICS + FIBER GLASS 
G 


PITTSBURGH rinwvye Gtass& COMPANY 
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What’s doing... 


Vacuum melting has opened up new horizons for development 
of alloys. Here, a Pratt & Whitney Aircraft metallurgist is 
shown as he supervises preparation of an experimentai high- 
strength nickel-base alloy, melted and cast under high vacuum. 


Induction melted heat of high-temperature alloy being poured in P & W A's experimental foundry. Molten metal is strained into 
large water tank, forming metal shot which is remelted and cast into test specimens and experimental parts. Development and 
evaluation of improved high-temperature alloys for advanced jet engines is one of the challenges facing metallurgists at P & W A. 
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at Pratt & Whitney Aircraft 
Materials Engineering 


in the field of 


The development of more advanced, 
far more powerful aircraft engines 
depends to a high degree on the de- 
velopment of new and improved 
materials and methods of processing 
them. Such materials and methods, 
of course, are particularly important 
in the nuclear field. 


At Pratt & Whitney Aircraft, the 
physical, metallurgical, chemical 
and mechanical properties of each 
new material are studied in minute 
detail, compared with properties of 
known materials, then carefully ana- 
lyzed and evaluated according to 
their potential usefulness in aircraft 
engine application. 


The nuclear physics of reactor 
materials as well as penetration and 





effects of radiation on matter are 
important aspects of the nuclear re- 
actor program now under way at 
P & W A. Stress analysis by strain 
gage and X-ray diffraction is an- 
other notable phase of investigation. 


In the metallurgical field, mate- 
rials work involves studies of corro- 
sion resistance, high-temperature 
mechanical and physical properties 
of metals and alloys, and fabrication 
techniques. 


Mechanical-testing work delves 
into design and supervision of test 
equipment to evaluate fatigue, wear, 
and elevated-temperature strength 
of materials. It also involves deter- 
mination of the influence of part 
design on these properties. 


In the field of chemistry, investi- 
gations are made of fuels, high-tem- 
perature lubricants, elastomeric 
compounds, electro-chemical and or- 
ganic coatings. Inorganic substances, 
too, must be prepared and their 
properties determined. 


While materials engineering as- 
signments, themselves, involve dif- 
ferent types of engineering talent, 
the field is only one of a broadly 
diversified engineering program at 
Pratt & Whitney Aircraft. That 
program — with other far-reaching 
activities in the fields of mechanical 
design, aerodynamics, combustion 
and instrumentation — spells out a 
gratifying future for many of to- 
day’s engineering students. 





P & WA engineer uses air jet to vibrate 
compressor blade at its natural frequency, 
measuring amplitude with a cathetometer. Simi- 
lar fatigue tests use electromagnetic excitation 


Engineer measures residual stress in a com- The important effects of gases on the properties of 
pressor blade non-destructively, using X-ray metals have been increasingly recognized. Pratt & Whitney 
diffraction. Stress analysis plays important part chemists are shown setting up apparatus to determine 
in developing advanced aircraft engine designs gas content of materials such as titanium alloys 








World’s foremost designer and builder of aircraft engines 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 


EAST HARTFORD 8, CONNECTICUT 
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AiResearch two stage lightweight gas turbine 
compressor provides pneumatic power for aircraft main 
engine starting and serves as auxiliary power source 

for a variety of ground and in-flight services. 


> The rapid scientific advance of our 
modern civilization is the result of 
new ideas from creative minds that 
are focused on the future. Our engi- 
neers not only have ideas but have 
the ability to engineer them into 
products, 

That’s why The Garrett Corpora- 
tion has grown in both size and 
reputation to leadership in its areas 
of operation. That’s why we are seek- 
ing more creative engineers to help 


THE 


us maintain and extend our leader- 
ship. If you fall in that category, 
you'll find working with us fulfilling 
in stimulation, achievement and 
financial rewards. In addition, finan- 
cial assistance and encouragement 
will help you continue your educa- 
tion in the graduate schools of fine 
neighboring universities. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig- 


CORPORATE 





eration systems, pneumatic valves 
and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec- 
tronic computers and controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and expe- 
rience today to: Mr. G. D. Bradley 


986! S. SEPULVEDA BLVD., LOS ANGELES 46, CALIFORNIA 





DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES + AIRESEARCH MANUFACTURING, PHOENIX « AIRSUPPLY 
AIRESGEARCH INDUSTRIAL * REX + AERO ENGINEERING + AIR CRUISERS + AIRESEARCH AVIATION SERVICE 


42 THE CORNELL ENGINEER 











Ideas grow and grow at 


2 
" \ 
\ 
by 


UCC DIVISIONS INCLUDE: 
Bakelite Company 

Carbide and Carbon Chemicals Company 
Electro Metallurgical Company 

Haynes Stellite Company 

Linde Air Products Company 

National Carbon Company 

Silicones Division 


Union Carbide Nuclear Company 


* UNION CARBIDE... 


LEAS 


ce 
. ~~ \ 


Last year, approximately one third of Union Carhide’s 
total sales were of products not available 15 years ago 
hor the past 25 years, the Corporation has averaged one 
new product a month, Now it is introducing them at the 


rate of two a month. 


Ideas born in Union Carbide Laboratories grow 
... from exploratory and fundamental research to 
applied research and product and process develop 
ment... through pilot plants to production to sales 
In all these fields the Divisions of Union Carbide 
need engineers, chemists, physicists, and business 
and liberal arts majors. For more information writ. 


Co-ordinator of College Recruiting. 


UNION CARBIDE 


AND CARBON CORPORATION 
30 Kast 42nd St. (ag New York 17, N. Y. 
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Follow the lead of Ralph Posch, 
B.M.E., Class of ‘51 


Advance while 


youre young... 


as a Chance Vought Engineer 


Ralph Posch already is making his mark in the aviation world. 
Ralph’s only 31, but he’s advanced to lead engineer in 

a career field he’s liked from the start. Ralph’s progress was 
speeded by Chance Vought’s own growth and by keen 

company interest in his development. These same career aids 
are working today for every young engineer who’s 

entered missile and fighter development at Vought. Symposiums 
on creative engineering, for example, encourage the 

brand of technical free thinking Ralph has displayed. Company- 





Ralph supervises supersonic power system paid tuition for post-graduate study allows any recent 
design 


graduate to take immediate steps toward advanced degrees. For 











an increasing number of junior engineers, Vought 
offers a nine-month program of job rotation which prepares 
young men like Ralph for key responsibilities. And in 
every unit of Vought’s engineering sections the young profes- 
sional is given variety that’s both refreshing and 
broadening. Find out how Chance Vought will do its utmost 
to help you find and advance in the field that best 
suits you. Send a resume of your background and interests to: 
MR. C. A. BESIO, Supervisor, Engineering 
Personnel Section, CHANCE VOUGHT AIRCRAFT, 
INCORPORATED, Dallas, Texas 


CHANCE 


OUGHT AIRCRAFT 


INCOM POA ATE SO PALLAB, THEHASB 





And gets data first-hand 
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GOVERNMENT FLOOD 


The United States Government 
through its agency the Army Corps 
of Engineers, is at present engaged 
in extensive flood control activities. 
The Corps has gained its respon 
sibility in this field partly by fed 
eral law and partly by tradition 

The law states explicitly that the 
federal 


ment shall include the examination 


functions of the govern 


survey, improvement and mainte 
nance of rivers, harbors and othe 
waterways for navigation and al 
lied purposes The first engineers 
in government employ were West 
Point trained; consequently, it was 
only logical to call on the army to 
control its engineering activities 
On March 6, 1802 Congress created 
the Corps of Engineers which was 






A length of completed flood retaining walls. 


by 
Martin Sahn, CE °58 


officially empowered to develop 
streams for navigation by an act 
passed in 1824. Since then the 
Corps has played a major part in 
the subsequent development of in- 
land waterways. 

Flood control activities are in 
many ways tied in with those of in 
land waterways; therefore the 
Corps, because of experience gained 
in past activities, was given the 
added responsibility of flood con- 
trol as well as navigation. Its activi- 
ties at present consist mainly of de- 
sign of structures and inspection of 
construction; the actual construc- 
tion of the projects is left to private 
contractors, on the basis of com 
petitive bidding. 

In the design of a flood control 





CONTROL 


project, five points are considered 
hydrology, geology, hydraulic de 


sign, structural design, and costs 
Hydrology 


Hydrology with respect to de 


signing 
ment is the study of rates of pre 


a flood control develop 


cipitation and runoff and their geo 
graphical distribution with respect 
to natural drainage features of the 
ground, A common approach to the 
problem is the consideration of 
what is known as a design flood 
This concept is closely linked with 
probability analysis, If, for instance 
a project is designed for a 50-year 
flood, that project is likely to be in 
adequate to handle the flow only 


once in 50 years. This does not 


A view showing the stages of construction in a tight industrial 


area. Note the method of stream diversion, with sheet piling 





running down the center of construction. 
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Looking upstream at a newly completed parabolic drop structure. 


mean that it could not be over 
topped in a period less than the de- 
sign period, but only that past 
studies have indicated that a flow 
equal to or greater than the de- 
sign flow occurs On the average, 
once in 50 years. To partially over 
come the uncertainty of this con 
cept, the Corps will often specify 
that the project is to provide pro 
tection against a flood 50 per cent 
greater than the largest flood on 
record 

The measure of the size of a 
flood is obtained by a study of hy 
drographs of the runoffs in the 
watersheds, A hydrograph is a plot 
of rate of flow in a particular chan 
Besides learning 
the instantaneous rates of flow, the 
total quantity of water handled can 
be estimated by graphical integra 
tion, The shape of the curve will 
vary with the particular stream, the 
rainfall intensity, and the duration 
of the storm, It will also be affected 
by factors influencing run off into 
the stream such as previous satura 
tion of the soil at that time and the 
extent of vegetation in that area. 


nel versus time 


Geology 

Of increasing importance in the 
scheme of design is consideration 
of geologic conditions in the area. 
Studies of the effects of glaciation 
for instance, upon the formations 
in the New England area afford 
clues to the effects of the project 
upon established drainage patterns, 
This concept is encompassed in re- 
which are per- 


gional surveys, 
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formed for the most part by the 
United States Geologic Survey. 

Foundation studies along the job 
site are necessary because of the 
concrete structures to be erected 
there. The settlement of these 
structures and the seepage around 
them must be held to within cer- 
tain limits, if they are to be effec- 
tive, These investigations are car- 
ried out by the Corps, using drill 
holes and test pits to satisfactory 
depths, The material taken in these 
operations is analyzed in an inde- 
pendent laboratory 
under contract to the government. 
Important data gathered here con- 
sist of grain-size distribution, lead- 
deformation and compaction curves 
and permeability to determine the 
intensity of soil loading permitted 
and the field procedure for com- 
pacting the soil to the desired den- 
sity. 

The Corps also carries on a pre- 
liminary survey to determine the 
location of the necessary materials 
of construction. In many 
areas will have to be built up with 
soil brought in from borrow pits 
and it is necessary to locate these. 
Also, certain types of construction 
require the placing of riprap, or 
large stones which lend_ stability 


commercial 


Cases, 


against current erosion of the chan- 
nel bottom, The practicability of 
finding such stone must be ascer- 
tained, or the design will require 
alteration to other forms, possibly 
more expensive than the original 
design, The availability of such 
materials as aggregate and sand 





Cross-section of a completed wall and concrete slab channel 
bottom. 


for concrete and clap for levee 
cores must also be considered, 


Hydraulic Design 


The study of hydraulics is both 
theoretical and empirical. In the 
hydraulic design of the various 
structures, model studies are used in 
conjunction with analytical design 
approaches, In model studies it is 
not necessary to reproduce all of 
the details found in the finished 
structure, but only those which are 
under consideration at the time. 
This is fortunate, for a complete 
analysis would require a full-scale 
model, an obvious impossibility 
Therefore, the model bears only 
incidental physical resemblance to 
the structural shape of the finished 
design. 

In open-channel flow the crite 
rion to be satisfied in the construc 
tion of the model is Froude’s Law 
of Similitude. A dimensionless par- 
ameter, V*/lg, is defined, where 
Vv velocity of flow, g gravita 
tional acceleration, and | a lin 
ear dimension which can be related 
to the scale between the model and 
the finished structure. If the ratio 
between the Froude number of 
the model and of the prototype is 
unity the gravitational flow proper- 
ties of the water in the model] will 
be similar to those in the prototype. 
In general, the larger the scale of 
the model, the more accurate the 
measurements of velocity, depth of 
flow, etc. However. the scale is 
kept down by limitations in space in 
the laboratory and amount of water 
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available to the laboratory. In the 
final analysis the model will de- 
velop such features of the design as 
superelevation of the channel walls, 
crest shapes of weirs and dams, 
stilling basins, channel alignment, 
treatment of intakes and outlets, 
and determination of special head 
losses. It will serve to confirm ini- 
tial assumptions, provide whatever 
empirical coefficients are required, 
and introduce minor modifications 
necessary for an efficient and eco- 
nomical design. 

In the actual design of a project 
the Corps works with certain mini- 
mum specifications for safe flow. 
For instance, the freeboard, or dis 
stance from the top of the wall to 
the maximum water surface must 
be at least 3 feet. A value for 
roughness, or friction factor for 
both concrete and riprap is as- 
sumed, taking past experience into 
account, In order to provide the 
least trouble from dynamic effects 
of the water acting against the 
walls, all curves in the channel are 
superelevated, the superelevation 
being reduced to zero uniformly 
along a spiral connecting the curve 
with the succeeding straight por 
tion. 


Structural Design 

The vertical walls and channel- 
bottom slabs of stilling basins are 
generally designed as a U shaped 
statically indeterminate structure 
the slab being considered as a 
beam on an elastic foundation, with 
equal concentrated forces and mo 
ments on both ends. Flood walls 
are designed in the ordinary man 
ner as a retaining wall with more o1 
less saturation of the backfill. The 
tour load Cases ¢ onsidered are those 
providing maximum effect on sta 
bility these being: 
Case 1. With the channel full to 
the top of the wall the landside fill 
is considered submerged to the top 
of the wall. The resultant force act 


ing on the wall must fall inside the | 


one-fourth point of the base 
Case 2. With the channel empty 


the landside fill is considered sub- | 
merged below the wall drain and | 
saturated above the drain. A wind | 
load of 30 pounds per square foot | 


is considered acting on the land 


side of the wall. Uplift and positive | 


earth pressures are considered act- 
ing on the footing of the wall, 


Case 3. With the channel water | 
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another example of exciting work at los alamos... 


BREAKING PROBLEM BARRIERS 


Mathematical sup- 
port for many of 
the Laboratory's 
programs is given 
by the Theoretical 
Division, which 
also pursues its 
own investigations 
in hydrodynamics, 
magnetohydro- 
dynamics, com- 
puter theory and 
design, and other 
fields. The vast 
amount of com- 
putation involved 
has brought about 
the creation at 
Los Alamos of 
the largest known 
computing center 
devoted exclusively 
to scientific work. 
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The linearized Boltzmann equation shown above 
describes the transport of neutrons in a slab. Its 
mathematical structure was first completely worked 
out at Los Alamos, Many fundamental studies in 
disciplines, ranging from pure mathematics through 
biology, have, been published by scientists at the 
Laboratory. 


The Laboratory is entering a new phase of scientific 
endeavor. Pioneering activities in the unexplored 
realms of nuclear power, nuclear rocket engines, and 
controlled thermonuclear power have been added to 
its weapons program; experiments are being planned 
and carried out at pressures and temperatures far 
beyond any previously created by man. These activ- 
ities exemplify the imaginative approach by which 
the Laboratory maintains its pre-eminence in scien- 
tific achievement. 


‘alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 
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level to within 3 feet of the top of 
the wall and other forces as in Case 
1, the resultant force must fall in- 
side the one-third point of the base. 
Case 4. For the condition of erec- 
tion, the wall is assumed as free- 
standing with a 30 pound per 
square foot wind load on the full 
height of the wall above the foot- 
ing. 

Conditions such as these are also 
considered in the design of bridge 
abutments and earth retaining 
walls, but these will not be enumer- 
ated since they only’represent spe- 
cial cases of flood walls. 


Costs 


After the designs, both structural 
and hydraulic, have been worked 
out, it is the Corps’ responsibility 
to prepare an estimate of the total 
cost of the project. Some items, 
such as pumping stations, are esti- 
mated on a lump-sum basis, while 
others, such as concrete and earth- 
work, are figured on the basis of 
unit price. The government engi- 
neers’ estimate is extremely impor- 
tant in these projects, because the 
low bidder must also be below the 
government estimate or the con- 
tract will not be awarded, 

The total bid, as computed from 
the quantities taken from the plans 
may be considerably in error, due 
to errors in working out the quan- 
tities. Land to be excavated may, 
for instance, have been used as a 
waste area for other excavations, 
between the time the survey was 
made and the actual commence- 
ment of the job. It is also conceiv- 
able that the area could have been 
used as a borrow pit, whereupon 
the actual excavation required 
would be less than the estimated 
value. It is advantageous to include 
in the contract, therefore, pro- 
vision for renegotiation of the unit 
prices, should an error of, say 25 
per cent in either direction be dis- 
covered during the course of the 
job. 

It must be realized that the 
analyses presented here are done 
by many people and a high degree 
of teamwork and chain-of-com- 
mand are required. The various 
computations are embodied in a 
design memorandum, from which 
the plans and specifications for the 
job are drawn up. These provide 
the basis for the actual construc- 
tion work to be done, 
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Integrity, service and 
quality are the corner stones 
upon which NPC builds 

its business and 


places its faith. 


Assurance of 
pertormance 
in virtually 


all industries 


Craftsmen in tool-making 

rT and production combine their 

i ” : broad experience and specialized 
pate co 7 7 skills with the latest in modern 
h, bP SDA 1Y) § machinery enabling NPC to 
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to many industries. 
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“Engineers like 





yourselves... 






...are finding their wides: opportunities in the air- 
craft industry. Today's accomplishments are merely 
forerunners of the supersonic and hypersonic aircraft 
and missiles of tomorrow. 

“You're aware of the current demand for engineers, 
but did you know that the greatest shortage is in 
the aircraft industry? That's because the challenge of 
transporting men, materials and armament through 
the air at constantly increasing speeds involves a 
greater number of basic sciences than possibly any 
other field of research and development. In this in- 
dustry, any area of engineering study offers you a 
profitable and unlimited future. 

“And remember, these engineering opportunities 
will result in personal satisfaction as well as high 
returns in salary and security. So between you and 
mé, I'd advise you to consider seriously the aircraft 
industry as you plan your career,” 
































A across the nation this sound advice is being 
appreciated by students who are searching for 
the most promising careers in engineering. With time 
and space being vastly diminished by today’s aircraft 
and missiles, and by those to come, possibilities for 
creative engineering at Northrop Aircraft, Inc., are 
unequalled anywhere. 

At Northrop such vital projects as the Snark SM-62, 
first intercontinental guided missile, and Northrop’s 
new supersonic jet trainer, the world’s fastest flying 
classroom, will continually spark your interest and 
enthusiasm. Northrop research accomplishments in 
clude automatic guidance controls for missiles and 
manned aircraft, significant advances in the field of 
boundary layer control, new type materials for 
strengthening aircraft and missile components, and 
integrated ground Support systems for the most 
advanced flight equipment. / } 

In Northrop’s new multi-million-dollar engineers 
ing center you will be working in ideal, modern sur? 
roundings with leading engineers and scientists who 
will encourage your initiative and ideas. 

Write now regarding an interesting future with lees 
Northrop. Ask us questions... let us tell you about 
our future. We sincerely believe we can help you. 
Write to Manager of Engineering Industrial Rela =< 
tions, Northrop Aircraft, Inc., 1019 East Broadway, "9 

a 


Hawthorne, California, 
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NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 
Builders of the First Intercontinental Guided Missile 
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Engineering? Or IMAGINEERING? 


Many capable engineers are perfectly 
content to go through life doing routine 
jobs over and over again. Frankly, such 
engineers wouldn’t be interested in 
Sperry—and Sperry wouldn’t be inter- 


ested in them! 


® Engineering, at Sperry, requires a 
combination of fine technical training 
plus imagination — the desire to help 
solve anticipated problems of the future 
and pioneer in new methods and devel- 
opments. You can see the results of 
such “imagineering” in the impressive 
list of Sperry “firsts” in such exciting 
fields as missiles, inertial guidance, 
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radar, computers, microwaves and gun- 
fire control systems 

® A career with Sperry offers many 
advantages. Good pay, of course, ‘ne 


opportunity to participate in the real 
important developments of these criti 
cal times—working with the acknowl 
edged leaders in their fields. Your choice 
of location at Sperry plants in Long 
Island, Florida, California, Virginia and 
Utah—close to excellent colleges where 
you can get advanced training with 


Sperry paying your full tuition. 


® Your Placement Office will tell you 


the times when Sperry representatives 


will visit your school, In the meantime 
vet more of the Sperry story by writing 
direct to J. W. Dwyer, Sperry Gyroscope 
Company, Section IBS, 


Sperry engineer tests hydraulic servo 
valves for high temperature service on 


jet engines. 
cPERRY GYROSCOPE COMPANY 
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UNUSUAL GAMMA IRRADIATION 
FACILITY IN OPERATION 


A new gamma irradiation unit 
has recently been placed in opera- 
tion by the Radioisotope Depart- 
ment of the Operations Division at 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, This new 
unit makes space available in a sub- 
surface Cobalt-60 storage installa- 
tion for irradiation of materials in 
an intense gamma field, One fea- 
ture of the new unit is that samples 
can be irradiated in air rather than 
under water, as is done with many 
gamma irradiation devices now in 
operation 

Cobalt-60 decays with a half-life 
of 5.3 years, This new facility is de- 
signed to utilize the radiation en 
ergy from Cobalt-60 slugs awaiting 
shipment to customers, Under nor- 
mal storage procedure the benefit 
of this radiation would otherwise 
be lost. 


Materials to be irradiated are 


placed in a 10% in, by 10% in, by 12 
in, space at the bottom of a 5% ft. 


long concrete shielding plug. Ac- 
cess to the space is through a max- 
imum clear opening of 8% in, by 8% 
in. cross-section, Once samples 
have been inserted in the compart 
ment at the base of this plug it is 
lowered into the unit and these 
samples are exposed to the intense 
radiation field. Two tubes are pro- 
vided in the plug for leads to in- 
struments in the irradiation zone. 

The Cobalt-60 slugs are stored in 
ninety-two stainless steel tubes ar- 
ranged in a square pattern’ sur- 
rounding the irradiation chamber. 
The entire unit is below ground, 
with a top shield composed of high 
density concrete and lead, Removal 
of the heat generated by absorp- 
tion of radiation in the tubes, 
shield, and samples being irradi 
ated is accomplished by an_ air 
stream flowing through the plenum 
around the tubes, It is estimated 
that almost 5,000 watts, or enough 
to heat two rooms of an average 
house, will be generated by the 
radiation heating at a loading of 
300,000 curies,. 

A new application of closed-cir- 
cuit television provides immediate 
comparative data of chemical 
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tivity within live normal and can- 
cer cells, This new technique, made 
possible by a developmental RCA 
ultraviolet-sensitive TV camera 
tube, is undergoing experimental 
examination at the National Insti- 
tutes of Health, Bethesda, Mary- 
land. The National Institutes of 
Health is the principal research 
arm of the United States Public 
Health Service. It embraces seven 
research institutes, each devoted to 
specific medical studies, and a Clin- 
ical Center which provides patient 
care for the various institutes. 

The RCA ultraviolet closed-cir- 
cuit TV system makes it possible to 
obtain quick and accurate meas- 
urements of ultraviolet absorption 
in healthy and abnormal cells. The 
ultraviolet TV camera tube sees 
more than the eye can discern 
when living cells are illuminated 
with visible light. The direct oscil- 
lographic analysis and record of 
any part of the object-image pro- 
vides immediate comparative data. 

Ultraviolet rays are absorbed 
specific and measurable quantities 
by different chemicals. This char- 
acteristic enables the medical 
searcher to: a) identify the nature 
and scope of several cellular chemi- 
cal substances by exposing the cell 
to ultraviolet light and measuring 
the absorption ratio; b) introduce 
foreign chemicals and study their 
reaction with the cell’s normal 
chemicals, and c) by ultraviolet ex- 
posure, to maintain serial studies 
of disease-suspected cells and _tis- 
sues and detect and identify chemi- 
cal changes which may develop. 

In the new installation, the ultra- 
violet absorption image, viewed by 
the TV camera through a micro- 
scope, is converted to an electronic 
signal by the ultraviolet camera 
tube. The signal is amplified and 
then viewed on the screen of the 
TV monitor, a few feet away. Any 
one of the 525 horizontal scanning 
lines can be selected and analyzed 
by a special oscilloscope, which 
produces on its cathode ray tube, 
in two ordinates, a tracing of the 
absorption characteristics of the 
specimen. 

The ultraviolet television-micro- 
scope-oscillographic — system _ has 


Cobalt-60 Gamma Radiation Unit. 





proven of value in studies of liv- 
ing cellular material and possesses 
definite advantages over other 
available techniques. The short- 
ened exposure to the narrow bands 
of ultraviolet reduces cell damage 
and avoids artificial absorption 
changes. Direct observation facili- 
tates rapid search of large numbers 
of cells and other material, and 
provides better selection of de- 
sirable specimens for oscillographic 
and other studies. 

The overall ultraviolet equip- 
ment chain, includes an ultraviolet 
light source, a high-power micro- 
scope, the broadcast TV camera 
with ultraviolet tube, a 
monitor, an oscilloscope, and vari- 
ous motion picture cameras for 
filming images on both the TV 
monitor and the oscilloscope. 

In operation, the ultraviolet light 
source is focused on the specimen 
under the microscope. The Tele- 
vision ¢ camera is mounted so that 
it “peers” through the eye-piece of 
the microscope. Se nsitive to ultra- 
violet, it “sees” and transmits to the 
monitor an image of the cell and 
the action and reaction of its ultra- 
violet-absorbing chemicals, both 
those normal to the cell and those 
induced artificially or by disease. 

In its present stage of experimen- 
tation the ultraviolet television-mi- 
croscope system must be considered 
as a deve lopme ntal technique, but 
one which holds important impli- 
cations for future medical research. 
It offers significant possibilities also 
as an important diagnostic medium, 
for rapid determination of the na 
ture of diseased cell by direct 


camera 
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ultraviolet TV observation and 
measurement of the rate, scope, and 
shape of abnormal chemical 
changes. 


Point probe microanalysis,” a 
new metallurgical research tech- 
nique, permits analysis of steel-spe- 
cimen 10,000 times smaller 
than is possible by any other meth- 
od, The new technique was con- 
France about six years 


areas 


ceived in 
ago and is now being developed 
and refined by scientists at U. S. 
Steel’s Research Center in Monroe- 
ville, Pennsylvania. 

The point probe method — of 
analysis involves the use of an elec- 
tron microscope containing a fo- 
cused electron beam to excite X-ray 
emission from a region as small as 
a few microns in diameter. The 
characteristic X-rays emitted are 
then analyzed by a crystal spec 
trometer. 

This method has wide applica- 
tion in metallurgy for study of in- 
ter-granular corrosion, analysis of 
segregation of alloying elements 
among the metallic phases and 
along metallic grain boundaries 
measurement of inter-diffusion dur- 
ing welding and plating, and for 
determining the composition of fine 
precipitate particles, 

The basic instrument being stud- 
ied and modified is a vertical, 7% 
foot electron microscope with a 
4-foot electron column. The steel 
samples to be studied are placed in 
a specimen chamber through a 
door in the base of this column, and 
a vacuum is created by a standard 
oil-diffusion pump. An optical bi- 
nocular microscope and a moveable 
mechanical] stage permit the oper 
ator to make a visual adjustment of 
the specimen under the beam. 

The beam is generated by an 
electron gun which accelerates 
electrons through approximately 
30,000 volts. It is focused by three 
electrical lenses. The electron-beam 
cross-over point formed by the ob 
jective lens is focused by the re- 
peater lens on the surface of the 
steel sample 

The focused beam strikes a se 
lected area of the specimen’s sur 
face, causing X-ray emission, The 
X-ray beam is then analyzed to de- 
termine its component wave lengths 
by reflection from a lithium-flu 
oride crystal. Each chemical ele 

(Continued on Page 63) 
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chef-less restaurant 


This concept of Sue Vanderbilt, Pratt industrial- 
design graduate now designing GM auto interiors, 
would assemble a whole meal and cook it by microwave 
in a few seconds. Customer would merely check pic- 
ture menu, insert money, push buttons. By the time 
he reached the far end of the counter the meal would 
be waiting, piping hot. All components already exist. 

Many designs that will make news tomorrow are 
still in the ‘bright idea’’ stage today. No one knows 
which will flower into reality. But it will be important 
in the future, as it is now, to use the best of tools when 
pencil and paper translate a dream into a project. And 
then, as now, there will be no finer tool than Mars—~— 
sketch to working drawing 

Mars has long been the standard of professionals. 
To the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and 
Tradition-Aquarcll painting pencils, have recently been 
added these new products: the Mars Pocket-Technico 
for ficld use; the efficient Mars lead sharpener and 
“Draftsman’s” Pencil Sharpener with the adjustable 
point-length feature; and — last but not least — the 
Mars-Lumochrom, the new colored drafting pencil 
which offers revolutionary drafting advantages. The 
fact that it blueprints perfectly is just one of its many 
important features. 


The 2886 Mars-lumograph drawing pencil, 19 
degrees, EXEXB to 9H The 1001 Mars-Technico 
push-button lead holder. 1704 Mars-lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom colored drafting pencil, 24 colors. 
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Nuclear Weapons 
Nuclear Rocket Propulsion 


Controlled thermo-nuclear energy 


These are six of the challenging projects now underway 


UNIVERSITY OF CALIFORNIA RADIATION LABORATORY * Berkeley 


Could you contribute 


new ideas to these new fields? 


Particle accelerators 





Livermore 








High-speed digital computers 


at the University of California Radiation Laboratory— 


managed and directed by some of America’s foremost 


scientists and engineers. 


You are invited to join them...share their pioneering 


knowledge in nuclear research...use their expansive facilities 


...and help to do what has never been done before. 


F YOU are @ MECHANICAL OF ELEC- 
| TRONICS ENGINEER, you may be in- 

volved in a project in any one of 
these fields, as a basic member of the 
task force assigned each research prob- 
lem. Your major contribution will be to 
design and test the necessary equip- 
ment, which calls for skill at improvis- 
ing and the requisite imaginativeness 
to solve a broad scope of consistently 
unfamiliar and novel problems. 

If you are a PHYSICIST Of MATHEMA- 
TICIAN you may be involved in such 
fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydro-dynamics), 
reaction history, nuclear physics, criti- 
cal assembly, high current linear ac- 
celerator research, and the controlled 
release of thermo-nuclear energy. 


If you are a CHEMIST Or CHEMICAL 
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ENGINEER, you will work on investiga- 
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob- 
lems of nuclear rocket propulsion, 
weapons and reactors. 

In addition, you will be encouraged 


Critical assembly and reactor research 





to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. 

And for your family—there’s pleas- 
ant living to be had in Northern Cali- 
fornia’s sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac- 
tions of the San Francisco Bay Area. 


You can help develop 
tomorrow — today at UCRL 
Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 

can enjoy. 


26-1-6 


DIRECTOR OF PROFESSIONAL PERSONNEL 
UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 

















i LIVERMORE, CALIFORNIA 

' 

; Piease send me complete information describing UCRL facilities, 
' projects and opportunities, 

' 

' 

My fields of interest are— 

' 

Name 

! 

; Cae 

' 

— - aii Zone State 
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Highlights of 
your future 
with Honeywell 


Campus-like Honeywell Research Center in Hopkins, Minneapolis suburb 


Preview your career 
with a summer internship 


“Honeywell is now 
interviewing students 
for its summer intern 
program.” 


“We believe a man makes aamuch 
better choice in his career if his 
decision is based on actual work 
experience. And, at Honeywell, 
the experience can be matched 


Dr. Finn Larsen, Director of cal a ae i 
Honeywell's Research Center, exactly to his individual needs 
M A ‘ Phy s1¢5, 1941, Drak é; 


Ph.D., lowa State, 1948 


and interests. 

“This is made possible by 
Honeywell's wide diversification in the field of controls. 
Honeywell makes more than 12,000 different systems and 
controls. They are precision products whose development 
and manufacture require extensive use of all kinds of engi- 
neering skills. And they are used in virtually every industry 
known today. Thus, the man who enters Honeywell's sum- 
mer program gets a real working knowledge, not only of 
controls, but of many related industries. 

‘Many of Honeywell's 14 separate divisions will offer 
assignments under the summer internship program. The 
location and name of each division and activity is listed at 


the bottom of this ad 


Honeywell 
| im) First in Controls 


ae 
HOMEY EL 
Lt OME YELL 


Terms of program 


Honeywell's program is geared to students one year from 
graduation in any branch of engineering, chemistry, math- 
ematics, physics, business administration or accounting. 


Assignments will be made in Design and Development, 
Industrial Engineering, Quality Control, Quality Analysis, 
Production Coordination, Personnel Administration, Fi- 
nancial Control, Marketing and Market Analysis. 


There are also special assignments in the Honeywell Re- 
search Center for graduate students in Physics, Chemistry 
or Engineering who are one year from completion of their 
work, 


If you are enrolled in this program you will work at 
Honeywell from mid June to early September, approxi- 
mately 12 weeks. Included in the weekly schedule will be 
discussions and meetings, as well as practical work assign- 
ments. 


Applications being accepted now! 


In order to give maximum benefit to the members of this 
program, Honeywell must limit the number enrolled. If 
you wish to apply for an assignment, send your name, 
address, school, the course in which you are enrolled, 
plus the number of years completed to: 


Dr. A. La Alan Reed 

Director, Industry Education Relations 
Minneapolis-Honeywell Regulator Company 
Dept. TC29A 

Minneapolis 8, Minnesota 


Residential Controls: Minneapolis, Minn. and Wabash, Ind. Industrial Instruments: Philadelphia, Pa. Commercial Controls: Minneapolis, Minn., Chicago, 
ll. and Wabash, Ind. Aeronautical Controls: Minneapolis, Minn., Los Angeles, Calif. and St. Petersburg, Fla. Valves: Philadelphia, Pa. Micro Switches: 
Freeport and Warren, Ill. and Independence, la. Appliance Controls: Los Angeles, Calif. Ordnance: Minneapolis, Minn., Wabash, Ind., Seattle, Wash. 
and Monrovia, Calif. Transistors and Servo Components: Boston, Mass. Home Products: Minneapolis, Minn. Photographic and Oscillograph Equipment: 
Denver, Colo. industrial Tape Recorders and Reproducers: Beltsville, Md. Research: Minneapolis, Minn. Sales: 112 offices throughout the country. 
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PROJECT 





BEGINNING ENGINEER’S DREAM 


Within months the first man-made earth satel- 
lite will be launched by Martin. 

This coming moment in history will mark the 
commencement of the greatest engineering project 
of all time—the conquest of space. 

Today there are many ground-floor opportuni- 
ties at Martin for new engineers in this newest and 
biggest of all scientific adventures... It’s a begin- 
ning engineer’s dream. 

If you are seeking a challenge and a career in a 
new and untried field, you would be wise to investi- 
gate Project X! 

Contact your Placement Director, the Martin 
Representative, or J. M. Hollyday, The Martin 
Company, Baltimore 3, Maryland. 


a = kT 
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GRADUATING ELECTRICAL ENGINEERS 





1. Lawrence D. Phillips; 2. John T. Martin; 3. Paul H. DeGroat; 4. Arthur Burns; 5. William A. Fietz; 6. William R. Dockwiller; 7. Jay C. H. Hew; 8 
Milton Pelovitz; 9. John Theloudis; 10. Norman Carpenter; 11. Ralph J. Vichill; 12. Lee A. MacKenzie; 13. William J. Hudson, Jr; 14. Herschel H 
Loomis, Jr.; 15. Peter November; 16. Robert Christensen; 17. George 8S. Durland; 18. John A. Durschinger; 19. Donald W. Exner, Jr.; 20. Richard 
A. Craft; 21. Richard W. Knoeller; 22. David B. Borkum; 23. Richard F. Hildreth; 24. Marvin Kaplan; 25. Henry Wolfson; 26. John H. I. Morse 
27. Richard L. Bennett; 28. Ismet Turkekul; 29. George Wiltsey; 30. John G. Simek; 31. Ronald N. Yeaple; 32. Robert Whitner; 33. John H. Sachleben; 
34. Ralph N. Seymour; 35. Daniel Chernoff; 36. Gerald Dulin; 37. Kenneth Dodge; 38. Burlye B. Pouncey, Jr.; 39. Martin P. Pope; 40. Peter L. Todd 
41. David Perlman; 42. James D. Strickler; 43. Jack Shirman; 44. Sezai Ikiz; 45. Robert S. Gale; 46. Richard A. Brockelman; 47. Max Mattes 





1. Bennett Brown; 2. Paul F. Snare; 3. Jerome Quinn; 4. Bradford H. Spring: 5. Donald T. Secor, Jr.: 6. James L. Francis; 7. Donald W. Graves; 8. An 
gelos Cocconis; 9. Stuart G. MacDonald; 10. Douglas H, Merkle; 11. Paul A. Jenkins: 12. Michael D. Nadler; 13. John T. Sills 14. George L. Scho 
field, Jr.; 15. Eric S. Yueh; 16. John P. Rawlins; 17. Louis H. Barkhausen; 14. William KR. Lang; 19. Stuart L. Jacobson; 20. James T. Embser; 21 


Donald R. Wintringer; 22. Leonard A. Pisnoy; 23. Orlando E. Lusi; 24. John K. Holton; 25. Burton W. Melcher I: 26. H. J. Rhodes; 2 john Merkle 


28. Andrew F. Dywan;: 29. Ronald I Swan; 30. Eugene C. Smith 
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” “The objects of this Society are to promote the welfare of the College of Engineering at Cornell University, 
its graduates, and former students and to establish closer relationship between the college and the alumni.” 


THE NEXT STEP 





President’s Message . 

Any successful company is always thinking in terms 
of at least five to ten years hence. In fact, many of the 
larger companies have “idea men” or “brainstormers” 
working continuously in the area of the present plus 
5 years to the present plus 25 years. Many of today’s 
products are obsolete on the production line, such as, 
aircraft, computers and atomic power plants, The 
successful manager of a company, or any division of 
a company, must also be planning for the future in 
terms of new products, production improvement, cost 
reduction, improved human relations, The individual, 
as sole proprietor and manager of his life and future, 
similarly must be planning ahead and preparing him- 
self for where he will want to be five and ten years 
from now. There is no substitute which will insure 
personal success (not necessarily measured in dollars ) 
and _ satisfaction. 

Your next step—for most of you, your first or second 
job—should be planned as carefully as a military 
leader plans a campaign. You are in a unique posi- 
tion at this time in that most applicants can practically 
name the company with whom they would like to be 
associated and the position they would like to hold, 
consistent with their qualific: ations and experience, 
Select that company and don’t worry that another is 
offering more money, 

Secondly, choose the particular field of activity 
which potentially satisfies and pleases you the most. 
If you are a civil engineer and like to design bridges, 
then design bridges; if a chemical engineer interested 
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plastics, then by all means go into plastics; if a 
mechanical engineer interested in automotive engines, 
then choose automotive engines. Don’t be swayed by 
better offers. There is no sadder, more unfortunate 
individual than the one struggling away day after day 
on the design of sanitary equipment, when in his heart 
and soul he would rather be a test engineer on a super- 
sonic jet airplane. The fact that the former job offered 
twice as much mone y doesn’t mean a thing. 

If you have a career in mind, forget location, Unless 
there is a personal, compelling reason which requires 
that you remain in one locale, then let opportunity five 
or ten years from now dictate your choice, When given 
the chance, you will be surprised on how adaptable 
you and your family can be to new circumstances and 
new friends. I have seen many a career ruined because 
of arbitrary inflexibility on this point. 

The question of the large company vs the small com- 
pany as your employer is a moot one, Much can be 
said for and against both. Personally, I feel that the 
large company offers greater security, while the smaller 
company offers greater challenge and variety. Actually 
a good engineer, with a well prepared plan for his 
personal progress, can do well in both large and small 
companies. 

Keep your plan flexible to take advantage of oppor- 
tunities as they present themselves. However be suffi- 
ciently firm in your program by carefully scrutinizing 

each opportunity, lest the diversion prove an unfor- 
tunate one over the long run. Walter L. Hardy 
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Martin Richmond, AEME ‘48, has 
been promoted to Production Man- 
ager of the Radio and Television 
Division at Emerson Radio and 
Phonograph Corporation. Mr. Rich- 
mond has been associated with 
Emerson since 1949. In 1952, he be- 
came Chief Time Study Engineer; in 
1955, he was appointed Chief Meth- 
ods and Standards Engineer; and in 
1956, he was made staff assistant to 
the vice-president in charge of 
Manufacturing and Engineering. 

Currently, he is active in the 
American Institute of Industrial En- 
gineers and has written articles on 
automation, flow planning, and has 
lectured on these subjects before the 
AMA and other professional soci- 
eties. 


John T. Parrett, ME ‘44, recently 
opened an office in Benton Harbor, 
Michigan as a consulting engineer, 
specializing in testing, designing, de- 
velopment work, and methods stu- 
dies. After graduating from Cornell, 
Mr. Parrett served as an engineering 
officer in the Navy for three years, 
then was employed with the Ray- 
mond Concrete Pile Co. in New York 
City for six years. Following this he 
did work on a speed reducing mech- 
anism, without the conventional gear 
train system, for which he holds sev- 
eral patents. 


William B. Corydon, BS in Chem 
‘44, BChemE ‘47, has been appoint- 
ed head of the Phenol Production 
Department at Bakelite Company’s 
Marietta, Ohio plant. Since joining 
the Bakelite Company, Mr. Corydon 
has held the position of Technical 
Trainee, has been assigned to vari- 
ous technical projects, and has been 
Department Head of the Phenol De- 
partment since 1954, Mr. Corydon is 
Chairman-Elect of the Upper Ohio 
Section of the American Chemical 
Society and is a member of the Mar- 
ietta Executive Club. 


William Buxbaum, CE ‘43, recently 
opened his own office in New York 
and will specialize in constructing 
and developing real estate in and 
around New York City. 
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Paul M. Brister 


Paul M. Brister, ME ‘36, has been 
appointed manager of the Engineer- 
ing Design Section of The Babcock & 
Wilcox Company's Manufacturing 
Engineering Department. 

Mr. Brister was made chief of Staff 
Engineering in 1953, and Engineering 
Department coordinator one year 
later. 

Mr. Brister is a member of the Cor- 
nell Society of Engineers, the Cornell 
Club of New York, ASME and ASTM. 
He has been active on several sub- 
committees of the ASME boiler and 
pressure vessel committee, and on 
the joint ASTM-ASME committee on 
effect of temperature on the proper- 
ties of metals. He is chairman of the 
steam power panel of this committee. 


Donald A. Raunick, BEE ‘48, has 
been promoted to Department Man- 
ager of the IBM Product Develop- 
ment Laboratory at Poughkeepsie, 
N.Y. Prior to this promotion he was 
in charge of the Department of En- 
gineering Information and Technical 
Publications. Since joining IBM Mr. 
Raunick has worked on the Type 701 
electronic computer, Project High, 
and on laboratory publications and 
engineering displays. 


Peter Winokur, Jr., EE ‘43, was 
granted a patent recently as co- 
inventor of a system to handle 
grocery carts in supermarkets. 





Fred M. Gillies ‘18, was recently 
named chairman and chief executive 
officer of the board of directors of 
the Acme Steel Co. 


Colonel Paul H. Symbol ‘48, is 
presently assigned to the Pentagon 
in charge of staff supervision for the 
planning and constructing of homes 
in connection with the Army‘s Guid- 
ed Missile Program. 


George Marchev, AEME, merged 
two electronics companies into the 
Gordos Corporation, makers of mer- 
cury switches. His partners include 
fellow Cornellians Bill Flint, Lou 
Mead, Sam Arnold, and Jack Whit- 
tenrose. 


Sidney L. Luce, CE ‘35, who has 
been Managing Director of Chicago 
Bridge Limited in London since De- 
cember, 1954 has been appointed 
District Manager of the Philadelphia 
Sales Office. 


Pietro Belluschi, CE, also attended 
the University of Rome. He is dean of 
the school of architecture and plan- 
ning at Massachusetts Institute of 
Technology. He is a fellow of both 
the American Institute of Architects 
and the American Academy of Arts 
& Sciences; is a life member of the 
National Institute of Arts & Letters. 
Membership in other societies include 
the advisory committee on architec- 
ture, Museum of Modern Art; board 
of trustees, American Federation of 
Arst; the commission on architecture, 
Dept. of Worship & the Arts, Na- 
tional Council of Churches of Christ 
in the USA. 


Sherman R. Knapp has been elect 
ed a director of Emhart Manufactur- 
ing Co., Hartford, Conn. Sherm, who 
is president of Connecticut Light & 
Power Co. thereby adds another 
honor to his long list of directorships. 
He also serves as a trustee of Con- 
necticut Bank & Trust Co., Connecti- 
cut College, Connecticut Public Ex- 
penditure Council, and is a vice-pres 
ident and director of the Yankee 
Atomic Electric Co. and president of 
the Electric Council of New England. 
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FELLA’S 
GOT A LOT 
TO THINK ABOUT...” “= 


“A wife ...anice home...acar... 










two kids . . . some fun, like golf . . .” 


Yes, It’s True... There’s A Lot to Consider! 










College students of today give serious consideration to where they 


want to live after graduation, as well as where they want to work. 






Public Service Electric and Gas Company, one of the outstand- 






ing utility companies in the country, is fully aware of these im- 






portant questions in the minds of college men. 







New Jersey has everything for pleasant living; seashore and 


mountains for recreation; New York and Philadelphia for metro- 






politan culture, entertainment and sports; suburban living with all 







urban conveniences. 


The Company has excellent training courses for Cadets in its 






Electric and Gas Operating Departments, in Sales Engineering 






and in Commercial Management work. 








FREE BOOKLETS 


The Company has literature available describing its 






operations, as well as additional information about 






the state's vacation opportunities. For your copies, 






please use the coupon below. 


a 9 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





Public Service Electric and Gas Company, 
Room 2152A, 80 Park Place, Newark 1, W. J. 


Please send me literature on New Jersey 


and job opportunities with Public Service. 


Address 


§ 


College 





PUBLIC SERVICE ELECTRIC & GAS CO., NEWARK 1, N. J. 
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James B. Walker received his B.S. in mechani 
cal engineering from North Carolina State 
College in June, 1954, and was working to 
ward his M.S. in the same field when he was 
called for military service. 


Jim Walker asks: 


Can a mechanical engineer make real progress in a chemical firm ? 


“Pick” Pickering answers: 


You might call that a leading question, Jim, but the 
answer leads right into my bailiwick. I came to 
Du Pont in 1940, after taking a combined mechanical 
and electrical engineering course. So | had what you 
might call a double reason for wondering about my 
future with a chemical firm, 


I soon learned that the success of a large-scale 


ia iA \ 


equipment. And the success of this equipment—especially for a new process 
Research, (2) Development, (3) Plant Engineering, and 


chemical process hinges importantly on mechanical 


depends on (1 
4) Close Supervision. The net result is that a mechanical engineer at Du Pont 


can progress along any one of these four broad highways to a top level position, 


My own Du Pont experience includes mechanical engineering work in 
fields as varied as atomic energy, fabrics and finishes, and nylon manufacture. 
Every one of these brought with it a new set of challenging problems in con 
struction, instrumentation and power supply. And every one provided the 


sort of opportunities a man gets in a pioneering industry. 


So, to answer your question, Jim, a mechanical engineer certainly has 
plenty of chances to get somewhere with a chemical company like Du Pont. 


H. M. Pickering, Jr., received a B.S. in M.E. and E.E. from the University of Minnesota in 
1940. He gained valuable technical experience at Hanford Works, in Richland, Wash., 
and in Du Pont’s Fabrics and Finishes Plant at Parlin, N.J. Today, he is Assistant Plant 
Manager at Du Pont’s Seaford, Del., plant, where nylon is made. 
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BETTER THINGS FOR BETTER LIVING 
«.» THROUGH CHEMISTRY 


WATCH “DU PONT THEATER” ON TELEVISION 


WANT TO KNOW MORE about working with 
Du Pont? Send for a free copy of “Mechani 
cal Engineers at Du Pont This 24-page 
booklet describes in detail the four broad cate 

gories of jobs mentioned by “Pick” Pickering 
I ypical pioneering problems in each of thes 


bookle t 


briefs a young mec hani al engineer on how 


four categories are outlined. Thi 


some of the newest and most challenging 
problems in his field were solved. Write to 
E. I. du Pont de Nemours & Co. (Ine 

2521 Nemours Building, Wilmington, Del 
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The symbolic Illustration above was created by photogram, a unique photographic technique of almost unlimited possibilities, 


More power to the chemical industry—engzneered by you 


The American chemical industry's enor- 
mous growth over the past decade and 
a half has opened seemingly insatiable 
markets for electrical creativity. Elec- 
trochemistry, as practiced at the Colum- 
bia-Southern Chemical Corporation, is 
particularly sensitive to developments 
in power facility design and other appli- 
cations of electrical engineering ... 
machinery, circuits and equipment. 

Let's look first at some of the fasci- 
nating areas that will stimulate your 
finest thinking. The world’s leading 
merchant producer of chlorine, Colum- 
bia-Southern pioneered in control en- 
gineering for electrolytic production of 
commodity chemicals. 

The various demands of our modern 
chemical installations draw electrical 
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engineers of all specialized leanings into 
new and pilot construction planning at 
the earliest stages. Light, power, basic 
instrumentation, Communications... in 
developing fresh, better answers you'll 
work with outside vendors and engi- 
neering experts, pooling your plant ex- 
perience with their know-how in apply- 
ing ideas and equipment to the practical 
production of many vital chemicals. 

Recognition follows achievement 
with refreshing speed. A ‘‘standardized 
program,” like standardized thinking, 
has never been a Columbia-Southern 
habit. Assignments are carefully worked 
out between you and interested man- 
agement supervisors, to help you win 
and exercise responsibility in the short- 
est time possible. 


Columbia-Southern offers truly out- 
standing careet opportunities to elec- 
trical engineers of promise. If you 
would like more information, please 
write today to the Personnel Manager 
at our Pittsburgh address or at any of 
our plants. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 


OWE GATEWAY CENTER: PITTSBURGH 22: PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati « Charlotte 
Chicago « Cleveland « Boston « New York 
St. Lovis « Minneapolis « New Orleans 
Dallas e Houston ¢ Pittsburgh e Philadelphia 
San Francisco 

IN CANADA: Standard Chemical Limited 
and its Commercial Chemicals Division 
PLANTS: Barberton, Ohio « Bartlett, Calif. « Corpus 
Christi, Texas « Lake Chorles, La. « New Martinsville, 
W.Va. « Jersey City, NJ. 
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TECHNIBRIEFS 


(Continued from Page 53) 





Type “R” Pfaudler reactor, utilizing 
glassed-steel construction. 


ment in the sample emits an X-ray 
of characteristic wave length. The 
concentration of the element deter- 
mines the intensity of that wave- 
length component, At present the 
instrument is able to detect all ele- 
ments with atomic number equal 
to 22 (titanium) or higher. 

The X-ray intensity at each wave 


length is measured by a geiger or 


— 


proportional counter. The signal is 


amplified through a vacuum-tube 
arrangement to activate a pen on a 
graph, the X-axis of the graph in 
dicating the wave length and the 
Y-axis charting intensity. Finally 
the technician can analyze these 
data and translate them into usable 
form. 

Glassed steel equipment Is one of 
the most versatile materials of con 
struction of process equipment. 
Normally used in the chemical in 
dustry to combat corrosion, glassed 


steel equipment is also used exten- 
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sively in other industries such as 
plastics and synthetic rubber. 

As with all things, glass in itself 
does have certain limitations, the 
most outstanding of which are fra 
gility and thermal shock suscepti 
bility. When the process of apply 
ing glass to steel was perfected, the 
chemist truly had a container with 
the corrosion resistance of glass plus 
the working strength and _protec- 
tion of steel. The diagram tells us 
some interesting information about 
glassed steel products, In one case 
a magnified (250 X) cross-section 
of a glassed steel plate show 
ing powerful mechanical gripping 
which locks Pfaudler glass to steel 
(dark area is glass, lighter area is 
steel), Figure two is a cut-away 
picture of a type “R” Pfaudler re 
actor, a one-piece, all-welded unit, 
a typical application of glassed 
steel. 

At the annual convention of the 
Association of American Soap & 
Glycerine Producers, Inc., held in 
New York on Jan, 25, 1957, several 
of the problems associated with 
synthetic detergents in sewerage 
and water treatment were reviewed 

The situation related to deter 
gents in sewage and water treat 
ment, led the AAS&GP to con 
clude that alkylbenzene sulfonate 


in concentrations now 
sewage does not affect bacterial life 
nor otherwise significantly affect 


present in 


efficiency of operation of a sewage 
plant; the problem in this area re 
solves itself primarily to one of 
frothing and methods are being de 
veloped to cope with it. 

It is nonetheless apparent. that 
ABS in raw sewage is not com 
pletely eliminated by existing con 
ventional sewage treatment and 
some proportion goes off in its 
original or partially degraded form 
through the effluent. There are in 
dications that by control of opera 
tions in a sewage plant greater re 
moval of ABS can be achieved in 
the course of sewage treatment 
At this stage 
little promise — that 
strains of bacteria capable of com 
degrading ABS can be 


however, there is 


spec ialized 


pletely 
made to subsist in sufficient con 
centrations in a sewage plant to be 
effective. 

In relation to phosphates, on 
which attention has been focused 
on their possible interference in 
water treating operations, accumu 
lating evidence points to the fact 
that the possible offenders ( poly 
phosphates) do not find their way 
in sufficient concentrations into raw 
waters to pose a real problem. 





Ultraviolet Television-Microscope-Oscillographic System as used in studies of living 
cellular material. 
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CONDUCTORS HYVOLT -— 
INSULATION 
CONDUCTOR TAPE RUBBER- NEOPRENE 
SEMI-CONDUCTING FILLED SHEATH 
TAPE 


FOR MORE AMPERES PER DOLLAR OF INSTALLED COST 
CRESCENT HYVOLT insulation is made from butyl rubber which 


HYVOLT SHIELDED POWER CABLE 


is 





inherently 


resistant to ozone, heat, moisture and aging with excellent electrical character- 


istics. For 5000 Volt or higher service, HYVOLT cables 
are provided with shielding to protect them from surface 


burning, corona, and lightning surges. C. Edward Murray, Jr. ‘14 


TRENTON, N. J. 


) CRESCENT INSULATED WIRE & CABLE CO. 



















MAIL COUPON TODAY 
THE LUFKIN RULE COMPANY @ Saginaw, Michigan 


Please send me FREE Measuring Tools for Engineers and Contractors 


NAME ————- 412 College Ave. 


SCHOOL. 














ciry 






ADDRESS 





FREE 


Bel Measure with 


[iecies al DID YOU KNOW: 


a 


“Measuring Tools 


eee for Engineers’’ 1. The Triangle carries all better known 
Sau makes of drawing instruments. 
cibmisaeec: A Catalog and Handbook 
you'll want in school and 2. The Triangle will order PARTS and RE- 
in the field — 32 pages, PAIRS for your drawing instruments. 


fully illustrated. 


RULE COMPANY 
SAGINAW, MICHIGAN 


CASE ——- FRAME —— DRAG TAPES 
TAPE RULES 








3. The Triangle will buy used drawing in- 
THE {UF KIN struments (usable at Cornell). 











Phone 2-2304 
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HYDRAULICS IN YOUR FUTURE 


- Muscle power for a ghost engine... 


o another example of 


% . 2 


% 
¢ 
“7%, — Denison’s hydraulic ingenuity 


UNIQUE ELECTRONIC SYSTEM 

developed to pre-test jet 
engine controls now eliminates the 
cost of building and operating a 
special engine test cell. 

In the system, an analog com- 
puter takes the place of the jet 
engine. Performance data received 
from the manufacturer is simulated 
on the computer, and is reproduced 
as electrical signals which, in curn, 
run the engine controls. 

To provide dependable muscle 
power for this control system, the 
company relies on Denison hy- 
draulic pumps and motors. The 
results provide more accurate 
records of performance than would 
be possible if actual engines 
were used 

This is just one example of the 
ways in which hydraulic power is 
being used to spearhead improve- 
ments in production, testing, and 
other industrial operations. Find 
out how hydraulics fit into your 
fucure. Write Denison Engineering 
Division, American Brake Shoe 
Co., 1218 Dublin Road, Columbus 
16, Ohio. 


DENISON 
Fook to DENISON fon Doodenship in. Aydrowlic, development dnOll ica 
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EmnweZimeece rs... 
3 m  aRook 
tem years 
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me, Vill your income 
and location 
allow you to live 
in a home 
like this... 
spend your 
leisure time 
like this 2 


A Douglas engineer lives here 







They can...if you start your 
Douglas career now! 


Douglas has many things to offer the career- 
minded engineer! 

..-there’s the stimulating daily contacts with 
men who have designed and built some of the 
world’s finest aircraft and missiles! 

...there’s enough scope to the Douglas opera- 
tion so a man can select the kind of work he 
likes best! 


...there’s security in the company’s $2 Billion 
Brochures and employment applications are 


backlog of military and commercial contracts! 
available at your college placement office. 


...and there’s every prospect that in 10 years 
you'll be where you want to be professionally, For further information about opportunities with 
and you'll be in both the income level and geo- — Douglas in Santa Monica, El Segundo and Long 
Beach, Calif. and Tulsa, Okla., write today to: 
DOUGLAS AIRCRAFT COMPANY, INC. 


C. C. LaVene, 3000 Ocean Park Blvd. 
Santa Monica, California 


graphical location to enjoy life to its full. 


DOUGLAS é First in Aviation 
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COLLEGE NEWS 








PROFESSOR FRENCH 


A Cornell educator was named 
to the group of 20 top farm leaders 
who will help America’s farmers 
keep pace with the age of advanced 
mechanization. 

Named to the advisory commit- 
tee of the new Thor Research 
Center for Better Farm Living was 
Prof, Orval C. French. 

Professor French is head of the 
agricultural engineering depart- 
ment in the New York State Col- 
lege of Agriculture. He joined the 
Cornell faculty in 1947 after 16 
years on the agricultural college 
staff at the University of California. 
A native of Kansas. he received 
undergraduate and graduate de 
grees from Kansas State College at 
Manhattan. 

The distinguished 
guide the Thor Research Center in 
its nationwide “Operation Farm 
Improvement” program to increase 
operating efficiency and living com- 
fort through better planning and 


group. will 


use of the farm shop. 

Secretary of Agriculture Ezra 
Taft Benson last fall dedicated the 
non-profit center at Marengo, Illi 
nois, which represents the first or 
ganized effort to help the nation’s 
farmers offset their heavy depend 
ence on farm production machinery 
with modern materials 
and tools for equipment mainte 
nance and home improvement. 


methods 


GUIDED MISSILES 


“Guided missiles undergo intense 
environmental stresses in flight that 
must be simulated in the laboratory 
before unerring operation can be 
expected,” stated Mr. David Walk 
er during his address at the Febru- 
ary meeting of the Cornell student 
branch of the Society of Automo 
tive Engineers 

Mr. Walker, an Engineering Sec- 
tion Head at Sperry 
Company, continued his talk on the 
environmental testing of 
missiles by saying, “The most sig- 
nificant tests in determining system 


Gyros« ope 


guided 


performance under the environ- 


ment are high and low tempera 
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ture, temperature altitude, vibra- 
tion, acceleration, and shock.” With 
respect to temperature Mr. Walker 
noted that a missile in flight will 
undergo a temperature change 
from 0 degrees fahrenheit to great- 
er than 2500 degrees fahrenheit. In 
order to design proper functioning 
equipment to withstand these ex- 
tremes, high and low temperature 
tests must be conducted to show up 
such items as changes in clearance 
and weight balance shifts, structur- 
al effects of temperature changes, 
gain changes in amplifiers, and op 
erating limits of insulating and pot 
ting materials. In conducting such 
tests other factors besides temper 
ature are included to. simulate 
icing or fogging conditions during 
changes in environment, Tests are 
run with the equipment function- 
ing, therefore, the cooling equip 
ment has to have sufficient capacity 
to absorb all the heat dissipated by 
the systems equipment. 

Similarly, vibration tests are car 
ried out to determine mechanical 
effects such as variations in spring 
rate, center of gravity shifts, and 
changes in damping. 

“An important part of vibration 
tests,” Mr. Walker cited, “is the de 
tection of resonances in structural 
members, wiring, and even in the 
shake table on which the missile is 
mounted in the lab. The table may 
develop nodes, varying with fre 
quency which affect the transmis- 
sion of force to the equipment un 
der test. Structural 
within the equipment may resonate 
at their own natural frequency so 
that with a driving displacement 
corresponding to 10G on a com- 
ponent, the internal member, at 
resonance may have displacements 
corresponding to 30G. Parts mount 
ed on sheet metal chassis should be 
designed with such resonance ef.- 


members 


fects in mind,” 

In discussing the effects of accel 
eration Mr. Walker said that in 
actual launching a missile is sub 
jected to a force of 30 or 40G's 
Shock tests for such environment 
are usually accomplished by drop- 


ping the equipment a_ specified 








height to a level sand bed or cali 
brated lead cones which provide a 
known deceleration. 

In concluding Mr. Walker said 
“Environmental testing is not an 
end in itself. It is a design tool to 
be used throughout all stages of 
development.” 

After his talk Mr. Walker showed 
movies of acceleration testing, At 
the movie's conclusion, Philip 
Forde, Chairman of the S.A.E. at 
Cornell, adjourned the meeting to 
the social lounge where refresh 
ments were served 

Mr. Walker holds a Masters in 
Electrical Engineering from City 
College of New York. He joined 
Sperry in 1951 and has worked on 
control systems for the B-52 Inter 
continental Bomber and guided 
missiles. In addition he holds six 
teen U.S. Patents. 


WRIGHT PREVIEWS AIR TRANSPORT 

Truly 
within 10 or 15 years was predicted 
by Dr. T. P. Wright, vice president 
for research at Cornell, president of 
the Cornell Aeronautical Labora 
tory at Buffalo, and former Civil 
Acronautical Administrator 

Dr. Wright envisaged in 20 years 


mass air transportation 


a substantial use of passenger air 
craft with vertical takeoff and land 
ing capabilities, and some with 
supersonic cruise speeds of 1125 
1500 miles an hour—one-and-a-half 
to two times the speed of sound 

Dr. Wright's Cornell talk was 
scheduled to be given in Israel in 
December, as the first Biennial Le« 
ture of the Israel Society of Aero 
nautical Sciences. The Middle East 
situation prevented his going. The 
lecture, presented on Feb, 19, was 
sponsored here by Cornell's Grad 
uate School of Aeronauticai Engi 
neering 

Dr. Wright predicted a 12 per 
cent increase in United States air 
travel through 1960 (to 35 billion 
passenger miles) and another 13 
percent per year through 1965 (to 
64.5 billion). His estimates for U.S 
international travel were for 15 and 
17 percent annual increases, and for 


(Continued on Page 70 
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Which one is 


best for you? 


MERCULES 


will help you decide 


There are many directions to take in building 
your future career in the chemical field. And 
the truth of the matter is that many college 
graduates are not sure in which direction their 
future lies. 

Sales? Production? Research? Development? 
Engineering?—They all require a special com- 
bination of personality and talent to insure a 


rewarding career. Hercules, one of the nation’s 


Personnel Department 


leading producers of basic chemicals for indus- 
try, offers you the opportunity to take time 
before making this all-important decision. And 
Hercules will assist you in appraising your own 
natural aptitude before you make the final choice. 

Hercules’ pace-setting growth and continuing 
diversification provide many opportunities for 
careers in creative chemistry. You can learn 


more about Hercules in your placement office. 


HERCULES POWDER COMPANY 


968 Market Street, Wilmington 99, Del. Sales Offices in Principal Cities, 


SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE CHEMICALS, 
ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, OXYCHEMICALS, 


HERCULES 


INDUSTRIAL EXPLOSIVES, AND OTHER CHEMICAL MATERIALS CHEMICAL MATERIALS FOR INDUSTRY 
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O 


“THE HUMAN TOUCH” 


feng by 


THE RAY PORTER SinGeRS 





We'd like to send you this record! 


No matter what branch of engineering 
you’re following—no matter which phase of 
engineering interests you most—we want 
you to know SQuaRE D and what we have to 
offer. Of special interest to you, we believe, 
is the ‘‘human touch”’ side of our Company. 


4 


There are some things you simply can’t 


evaluate in terms of cold facts and figures. 
A company’s basic philosophy, for example 
...1ts attitude and approach to its customers 
and to its working team. 

The ‘Human Touch” record we want to 
send you deals with some of those intangi- 
bles —musically. We think you’ll enjoy it. 


Square D Company, Dept. EM 
6060 Rivard Street, Detroit 11, Michigan 


mail this coupon for your . 
“Human Touch” record 


Engineering 


I'd like a “‘Human Touch” record and a copy of Square D’s brochure, 
“YOUR ENGINEERING CAREER” 
I am primarily interested in 


Manufacturing Engineering 


Field Engineering 


NAME 





SCHOOL 





ADDRESS 





CITY 


ZONE —. STATE 


Research, Design & Development 
Sales Application and 








SQUARE 
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COMPANY 
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Book Review .. . 


Chemical Engineering Kinetics by J. M. Smith 


X1I/402 pages McGraw- 


Hill Book Company, New York, 1956, $10.50. 


The importance of applied reac- 
tion kinetics in the chemical, pe 
allied fields has in- 
creased and is increasing rapidly. 
However, in industry, the applica- 
systematic mathematical 
methods to the design, construc- 
tion, operation, and improvement of 
chemical reactors has been limited, 
and guesswork, colored by the de- 
has been used 


troleum, and 


tion of 


signer’s experience, 
much more often, 
This new book is one of a very 
few which concerns itself with the 
kinetics problems which confront 
Emphasis is 
rather 


the reactor designer. 
engineering, 
theoretical, approach to 
chemical rates, After a 
brief review of the theory and 
which support 
author con 


made on the 
than the 
reaction 


thermodynamics 
chemical kinetics, the 
cerns himself with homogeneous 
batch and flow and semibatch re- 


actors, and fixed- and fluidized-bed 


reactors, Accompanying the dis- 
cussion of heterogeneous reactions 
is an excellent coverage of catalytic 
mechanisms. 

In large part the book is clear, al- 
though the nomenclature is, at 
times, confusing. Sample problems 
are scattered profusely throughout 
the book, and are lucidly solved. 
Problems at the end of each chap- 
ter, of varying difficulties, are avail- 
able to the student, and teacher for 
further practice, Much use is made 
of references to published works, 
so that the student may extend his 
knowledge on any particular point 
with a minimum of difficulty. 

It is difficult to find anything 
lacking in this book. Any matters 
in the text which are at first con- 
fusing become clear upon reading 
the sample problems, All in all, the 
work is quite satisfactory, and cer- 
tainly is a significant contribution 
to the field of reactor design. 
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world travel 13 and 17 percent, in 
these two periods. 

Many forecasts have erred on the 
pessimistic side, he stated, because 
they plot growth arithmetically in- 
stead of geometrically, not reckon- 
ing with “the compounding nature 
of past growth.” 

Changes that took 25 to 50 years 
to accomplish a century ago, he 
explained, can take as little as five 
years now. Transportation by air, 
he declared, has the potentials to- 
day of excelling all other forms not 
only in speed, but also in low cost, 
safe ‘ty and comfort. 

Dr. Wright described speed as 
“the commodity aviation has to 
sell,” because it increases while 
other transportation methods stay 
the same. From today’s 350 mph 
average, Dr. Wright said, passenger 
plane; s will reach 450 mph by 1960 
and 550 by 1965, when jet aircraft 
predomini ite, Pe ‘haps by 1975, he 
added, passenger planes of 1500 
mph will be used for specialized 
services. 

(Continued on Page 76) 
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Three of Six Frick Ammonia 
Compressors at Gerber's. 


70 


GERBER'S BABY FOODS 
Made at Rochester with 


cA, 4 These famous foods, described in 
the October Reader's Digest, are 
revolutionizing the feeding of youngsters. 

We are proud to have furnished the cooling sys- 
tem for Gerber's new plant, where 500,000 jars 
of strained foods are packed daily. 
pooner by oe Betz Machine Com- 

pany, 
tributors at Buffalo. 

The Frick Gradu- 
ate Training Course 
in Refrigeration and 
Air Conditioning... 
operated over 30 


years... 
career in a growing 


Installation 


Frick Dis- 


offers a 








PRINCE GARDNER 


Our Men‘s Dept. 

Prince Gardner line of fine leather Bill- 

folds, Dopp Kits, Jewelry and Stud Boxes; 
Pocket Secretaries, Key Cases and 


Traveling Tie Cases. 


SHETLAND SWEATERS 


Crew neck Shetland sweaters are now in 
stock in a variety of popular shades. 


Select yours for Spring wear. 


LEATHER GOODS 


is now carrying the 





The Cornell Campus Store 
Barnes Hall 
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To a Young Man who 
wants “Room to Grow” 


If you’re a technical student looking for a 
“career with a future,” you can make no 
wiser choice than the petroleum industry ... 
especially the fast-growing new field of petro 
chemicals! Phillips Petroleum Company 1s a 
leader in this field. 

At Phillips you can choose a career in the 
field of work which interests you most 
exploration, production, manufacturing or 
the distribution of many types of petroleum 
products. If your interests lie in petrochemi 
cals, Phillips is engaged in research and pro 
duction of plastics, synthetic rubber, carbon 
black, chemical fertilizers, rocket fuels and 


PHILLIPS PETROLEUM COMPANY 
Bartlesville, Oklahoma 
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special chemicals. The company is also active 
in atomic energy and operates one of the 
government's major reactor installations. 
Mail the coupon below for your copy of 
our booklet describing opportunities with 


Phillips. 





hela MHA 
D. R. McKeithan 
Technical Employment Consultant 
2 Phillips Petroleum Company 
®@ Bartlesville, Oklahoma 


Please send me your new booklet, ‘Career with a Future.’ 
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Planning for growth. Joe Hunt (left) talks with Jim Robinson (center), District Construction Foreman, and O. D. Frisbie, 
Supervising Repair Foreman, In Joe’s district alone, 600 new telephones are put into service every month, 


“Vil take a growing company” 


70,000 telephones to keep in operation... 
$20,000,000 worth of telephone company prop- 
erty to watch over... 160 people to supervise 
—these are some of the salient facts about Joe 
Hunt’s present job with Southwestern Bell 
Telephone Company. He’s a District Plant 
Superintendent at Tulsa, Oklahoma. 

“It’s a man-sized job,” says Joe, who grad- 
uated from Oklahoma A. & M. in 1949 as an 
E.E. “And it’s the kind of job I was looking 
for when I joined the telephone company. 

“I wanted an engineering career that would 
lead to future management responsibilities. 


Moreover, I wanted that career to be in a 
growing company, because growth creates real 
opportunities to get ahead. 

“But to take advantage of opportunities as 
they come along, you must have sound training 
and experience. The telephone company sees 
that you get plenty of both. Really useful train- 
ing, and experience that gives you know-how 
and confidence. Then, when bigger jobs come 
your way, you're equipped to handle them. 

“If I had it to do all over again, I’d make 
the same decision about where to find a career. 
Now—as then—I’ll take a growing company.” 


Interesting career opportunities exist in all 


Bell Telephone Companies, as well as at Bell 


Telephone Laboratories, Western Electric and 


Sandia Corporation. Your placement officer can 


give you more information about these companies. 
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exploring the universe: 


GENERAL DCYNAMICS CORPORATION + 4465 PARK AVENUE, NEW YORK 22, N. Y. 
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First, Earth was all, 
then the Sun, and then our Galaxy 
of 100,000 million suns, 


“like sand... flung down by handfuls 


and both hands at once”. 

Now, we know our galaxy 

is but one among a billion galaxies 

where suns and earths 

and atoms are ceaselessly created 

by a Universe without 

beginning and without end. enetitiniatiitees 
Political corollary: If nations may 
forsake wars of aggression and deterrence 
for a cooperative deployment 

of earth’s resources to explorations 

in space and time, the new science of 
astronautics may lead us soon 

to the infinite plenty of the planets 


and the stars. 
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(Continued from Page 70) 


Reduced fares will encourage 
more air travel, he continued, The 
average plane fare, by remaining 
at 5.5 cents a mile since 1935, has 
really dropped to about 2.8 cents 
when adjusted to the cost of living 
index (1935-39 base ). 

The potential number of passen 
gers varies inversely as the cube of 
the fare, he said: While 10 million 
persons use air travel today a fare 
drop to 3.31 per mile (present fare 
for first-class railroad travel) would 
bring 42 million, or. four times as 
many, passengers as real prospects 
for air travel, 

Lower fares will result from in 
creased operating and aircraft effi 

including larger jet pow- 
planes, he explained, He 
mentioned the 92-seat Comet II, 
going into service in 1958 or 1959; 
the 147-seat Boeing 707, for 1958; 
and the 132-seat Douglas DCS, 


with deliveries scheduled for 1959, 


Clency 


ered 


as well as several other jet and 
turbo prop types. 

Increased safety encourages air 
travel, he citing the 
drop in passenger fatalities since 
1932 from 10.6 to 0.6 per 100 mil 


continued, 





lion passenger miles. He stressed a 
need for better traffic control, air- 
borne collision warning devices, 
and airplane design for survival 
and fire elimination after crash. 

The problem of traffic congestion 
and mid-air collisions will be even 
more serious when jet planes are 
in general use, Dr. Wright warned. 
Near misses are common occtur- 
rences now, and 65 percent of those 
reported occurred Visual 
Flight Rule visibility conditions. 

The United States has the poten- 
tial for nationwide radar coverage 
which with computer installations, 
would give instructions to aircraft 
semi-automatically, he stated. How- 
ever, airborne radar and collision 
warning devices would still be 
needed. 


under 


Jet aircraft (to be in common 
use by 1960) and gust alleviation 
(a possibility by 1965 will make 
air travel more comfortable, he 
said, Dr, Wright speculated that 
ram jets may be prevalent in the 
1970's and nuclear powered planes 
by 1975. 

Railroads are leaving the long- 
haul, first-class field entirely, Dr. 
Wright said, but short-haul air 
transportation awaits a suitable 
vehicle, This might well change the 








limits of suburban range around 
cities from 35 miles to 100 miles. 

Problems of passenger and bag- 
gage handling, Dr. Wright contin- 
ued, affect the total speed of air 
travel, Electronic reservation de- 
vices and detachable baggage hold- 
ers are possible solutions. 

The “age of concrete” threatens 
to accompany the age of jets, which 
require 10,000 foot runways. To 
bring airports nearer to cities, Dr. 
Wright said, vertical takeoff and 
landing planes must be developed. 
Steep landing and takeoff is an 
intermediate step. He also men- 
tioned a need for specialized cargo 
aircraft, and a possibility that sep- 
arate airports will be built for pri- 
vate planes, business planes, pas- 
senger planes, and cargo 


Photo Credits 


Frontice, Lukens; Pages 12, 13, 
& 14, Lukens; Pages 19, 20, & 
21, IBM; Page 23, Photo Sci- 
ence; Page 29, Workman; Pages 
15 & 46, U.S. Army Corps of 
Engineers; Page 57, Photo Sci- 
ence; Page 63 (top), Union 
Carbide; Page 63 (bottom) 
RCA. 
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How to make the most 
of your engineering career 


ONE OF A SERIES 


go where 
~~ research gives you plenty 
of Serv 1ce Many things can help—or hinder— 


your progress in engineering. One 
such is the kind of research available in 
QO Mr} the company you join. 





This, by no coincidence at all, is another 
area in which Boeing can be of real help to 
you. Boeing backs its engineers with one of 
the most extensive arrays of research 
laboratories in the industry. In addition, 
electronic computing and data processing 
equipment gets you the answers you want— 
fast. So do such facilities as the huge Boeing 
7 Flight Test Center. And the Boeing wind 
an” ti “en 4 hain ; tunnel, most complete and versatile privately 
1©OG VY ye owned tunnel in America. This outstanding 
) me ae / . facility, capable of velocities up to Mach 4, is 
. | at the full-time disposal of Boeing engineers. 
It has enabled Boeing to gain more wind 
tunnel time in the field of jet aircraft 
than any other company. 


Ap f | 
€ 3 ULL } 
) | 


These facilities help Boeing engineers 
maintain leadership in advanced fields of 
flight. They help Boeing research engineers 
and scientists extend the boundaries of 
knowledge in many fields. They could 

help you get ahead. 


At Boeing you'd enjoy many other 
advantages; a high starting salary, career 
stability, a liberal retirement plan and 
company-paid graduate study programs. 
There are family advantages too; a choice 
of three sections of the country, each with 
excellent housing and schools, shopping 
centers and abundant recreation 

facilities for the whole family! 


3} " NOW is the time to start planning ahead. 
yy ’ 
j OEE | 4 Consult your Placement Office, or write: 


oagd | 
| JOHN C. SANDERS, 
Engineering Personnel Administrator, 
Boeing Airplane Co., Seattle 24, Washington 


al > EEA! 
(7 4 Ve FRED B. WALLACE, 


eu 


ia -- > 
Pree | on 
wey ees { . = {}— L}\} Chief Personnel Engineer 
Ahsan} : 4 ngineer, 
| bh Lb \) —~<—~ sad Boeing Airplane Co., Wichita 1, Kansas 


Cie BOEING 


Seattle, Washington Wichita, Kansas Melbourne, Florida 
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See what a gentie hint 


can get you at 


Pocket-size pound of pleasurel 
New RCA Transistor Radio 


Drop a gentle hint (like enclosing this 
ad in your next letter home), and come 
graduation time you could be getting 
this amazingly ingenious radio. 

It's anew RCA Victor Transistor Six, 
and this one you can really take along 
anywhere, It’s smaller and lighter than 
the average textbook — and lots more 
fun. 

You can carry it easily in pocket or 
purse. It weighs a mere 16 ounces, 
yet delivers a roomful of sound any- 
time you wish. 

The RCA Victor Transistor Six is bat- 
tery-powered and uses six long-lasting 


transistors. The cabinet is long-lasting, 
too. It’s the fabulous, guaranteed non- 
breakable “tmpac” case. Cabinet colors 
include antique white, charcoal and 
spruce green. 

And note the price—now just $49.95! 

This beautiful little bargain is typical 
of the extra value engineered into every 
product of RCA. For, almost without 
exception, these achievements in elec- 
tronics begin at the David Sarnoff Re- 
search Center in Princeton, New Jersey. 
Here the scientists and engineers of 
RCA continually seek—and very often 
find—practical and dramatic new ways 


to bring you ever-better “Electronics 


for Living. Tk (s)® 





Where to, Mr. Engineer? 


RCA offers careers in research, de- 
velopment, design and manufactur- 
ing for engineers with Bachelor or 
advanced degrees in E.E., M.E. or 
Physics. For full information, write 
to: Mr. Robert Haklisch, Manager, 
College Relations, Radio Corpora- 
tion of America, Camden 2, N. J. 











RADIO CORPORATION OF AMERICA 


Electronics for Living 


THE CORNELL ENGINEER 





one time. It covers a 
 5000-acre area. It will 
ocess 130,000 barrels 

of crude oil each day, 


SHOP-FABRICATED PIPING BY GRINNELL 


With Grinnell shop-fabricated piping — cutting, fitting, welding and assembly “on 
location” is reduced to an absolute minimum. This fact should be of major importance 
to everyone installing piping. For when these operations are performed under the 
less-than-ideal conditions existing in the field, there is always the possibility of less- 
than-perfect results. Errors in cutting or fitting can occur — or welds can contain 
slight imperfections, which may be difficult to detect with field equipment. 

In Grinnell shops, on the other hand, whole sections of complex piping are 
assembled — every critical point checked with the latest equipment and by the most 
modern methods. When these sections arrive on site, they go up fast and right. 

With Grinnell shop-fabrication, too, there are no unforeseen costs. Included in 
the price (which is determined in advance) are such items of expense as: interpretive 
engineering, shop sketches and planning; procurement of materials, power services, 


expendable tools and supplies. There are no charges for waste material or spoilage. 
Welding under ideal conditions in Grinnell 
shop. (Top) Automatic, submerged-arc weld- 
RI N N E | | ing machine. (Bottom) One of many Grinnell 
welders who must meet full operator quali- 
fications of the ASME and ASA codes. 
WHENEVER PIPING IS INVOLVED 


Grinnell Company, Inc., Providence, Rhode Island ° Coast-to-Coast Network of Branch Warehouses and Distributors 





pipe and tube fittings ° welding fittings * engineered pipe hangers and supports * Thermolier unit heaters * valves 
Grinnell-Saunders diaphragm valves * pipe * prefabricated piping * plumbing and heating specialties * water works supplies 
industrial supplies ° Grinnell automatic sprinkler fire protection systems ° Amco air conditioning systems 


ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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The Scotchman who emigrated 
to New York was sitting on a pier 
in New Jersey when a diver came 
to the surface, removed his head 
gear, and lighted a cigarette, 

“Hoot, mon,” said the Scot, “why 
did nae one tell me about this? I'd 
have waded over maself.” 


ao a a 


Daughter: “I took Henry into 
the loving room last night, and . 

Mother: “That’s LIVING dear.” 

Daughter: “You're telling me!” 

o a oO 

Prof: “I suppose you wish I were 
dead, so you could spit on my 
grave, 

Engineer: “No, sir, I hate to 
stand in line.” 


o o oO 


Many girls leave nothing to a 
man’s imagination and everything 
to his self-control. 


oO ao a 


The brain of a college student is 
one of the most amazing things 
known to man, It starts to function 
the moment he jumps out of bed 
and doesn't stop until he reaches 
the classroom 


oO o 7) 


One skunk to another: I just 
haven't got it any more. Somebody 
must have slipped me a slug of 
chlorophyll. 

oO Qo 9 

“What is a college bred, Pop?” 

“College bread is a four-year loat 
made from the favor of youth and 
the old man’s dough.” 

Q Qo a 

One engineer explained _ his 
plight in a letter of exactly four 
words: “Long time no she.” 


oO oO oO 


After watching a drunk try to 
unlock the door to his house with- 
out success, a policeman went over 
and asked if he might handle the 
key for him. 

“No thansh,” the inebriated chap 
answered, “I gotta pretty good 
hold on thish key. You try and grab 
the housh.” 


Engineered English 

Brazier; A garment used to mini- 
mize the effect of flutter and 
vibration. 

Farad: A high official in the Egyp- 
tian government. 

Fitting Factor: A process utilized in 
structural analysis whereby a fac- 
tor is manipulated so as to fit a 
particular requirement, 

Thermocouple: Newlyweds. 

Stable Air: An atmosphere tinged 
with the odor of fertilizer. 

Stress Analysis: The art of manipu- 
lating figures in such a way as to 
prove that a deficient structure is 
twice as strong as it is supposed 
to be. 

Microfarad: A small official in the 
Egyptian government. 

Pylon: All aboard. 


oO o oO 


Two editors gazed admiringly at 
the beautiful dress of the chorus 
girl. 

“Who made her 
asked his companion. 

“I'm not sure, but I think it was 
the police.” 


dress?” one 


oO eo fe) 


He only drinks to calm himself, 
His steadiness to improve. 


Last night he got so steady 
He couldn’t even move. 


oO o ° 


“Although man_ has learned, 
through evolution, to walk in an 
upright position, his eyes still swing 
from limb to limb.” 


°o oo) Q 


Dinner guest at an Engineering 
Banquet: “Will you pass the nuts, 
Professor?” 

Preoccupied Professor; “I sup- 
pose so, but I really should flunk 
most of them.” 


a o 2 


Textbook style: “The puissance 
of hydrochloric acid is incontest- 
able; however, the corrosive residue 
is inharmonious with metallic per- 
sistence.” 

ChE style: “Hydrochloric acid 
eats the hell out of steel.” 


oO °o a 


An ME had his arm _ broken 
while fighting for a girl’s honor. It 
seems she wanted to keep it. 


Oo oO Qo 


King Arthur: “I hear you've been 
misbehaving lately.” 
Knight: “In what manor, sir?” 


ao aq a 


On an airplane flight a little boy 
nearly drove everyone crazy. He 
was running up and down the aisle 
when the stewardess started serv- 
ing coffee and ran right into her, 
knocking the coffee to the floor. 

As he stood watching her clean 
up the mess, she glanced up at the 
boy and said, “Look, why don’t you 
go outside and play?” 


a oO Q 


There was an attorney who jour- 
neyed to California to try an im- 
porti int case, promising to wire his 
partner the moment a decision was 
At long last the wire 
came and it read, “Justice has 
triumphed.” The partner in New 
York wired back, “Appeal at once.” 


Q oO ° 


announced. 


A drunk lying on the barroom 
floor began to show signs of life so 
one joker smeared a little limberger 
cheese on his upper lip. The drunk 
rose and walked out the door. In a 
few minutes he returned. Then he 
left again only to wobble back in 
soon after. Shaking his head with 
disgust he said, “It’s no use. The 
whole world stinks.” 


° o ° 


The Deans who think our jokes are 
rough 

Would quickly change their views, 

If they'd compare the ones we print 
with the ones we're scared to use. 


oO ° oO 


The cannibal king looked at the 
beautiful young woman about to 
be tossed into the cooking pot. 

“Hmmm. Believe I'll have break- 
fast in bed this morning.” 


Q ° fo) 


Blind date—when you expect to 
meet a vision who turns out to be ; 


sight. 
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PHOTOGRAPHY AT WORK—No.11 in a Kodak Series 


Illustration shows test of aircraft compass at United States Gauge, 
division of American Machine and Metals, Inc. A magnetic force, 
developed by the loops, pulls the compass card 30° off its normal 
heading Then the force is released. The instant of release and the 
moment the compass recovers by 5° are both recorded on the film— 
bec ome positive eV idence c of propel! performance 





Wanted: 
an inspector with a split-second eye 
—photography gol the job 


A difference of 2/10ths of a second means the compass 
passes or fails. So the maker pits it against a stop watch— 
gets definite proof of performance with movies. 


T 
ym le Sam said this aircraft compass must respond small. It is improving production, saving time, redue- 
bv 5 degrees in not less than | second or more than ing error, cutting costs 


1.2 seconds. That's only 2/10ths of a second leeway 


CAREERS WITH KODAK 


vith phot graph ind ph tow! iphric proce 


far too little for human hands and eyes to catch the 
action accurately. 


So, side-by-side, the stop wate h and compass act ing increasingly important in the busine 
ol tomorre there ure ‘ 


the it Kodak in research 
iti ind producti ! 
the 5-degree mark is reached. If you are looking for 


their parts before the movie camera. Then individual 
frames along the film show the precise instant that 


nlormath 
Product testing and quality control are naturals for 


photography They are typical examples of the many 


ways photography works for businesses, large and 


Eastman Kodak Company, Rochester 4, N. Y. 





How General Electric stacks up 


on your job check list 


@ COMPANY REPUTATION—As an engineer, the names of 
Chomas Edison and Charles Steinmetz should be known to you. 
lhese men, who so greatly influenced the industrial surge of our 
country since the 19th century, are symbolie of General Elec- 
tric’s past and present technological leadership. 


@ SALARY—General Electric’s salary program is planned with 
a long-range view for your career; a well-considered starting 
salary and merit increases based on your contributions. Through 
regular counseling by your supervisor you know just “how you 


» uy i o uy 
ure progre ing . 


@ OPPORTUNITIES FOR ADVANCEMENT—Through the 
Company's Personnel Registers, and individual appraisal of 
your qualifications and preferences, you are considered for all 
new or related jobs and promotions throughout the Company 


@ TYPE OF JOB—Based on your personal preferences and 
abilities, you will work in various marketing, manufacturing o1 
engineering fields. Your technical or managerial experiences 
may be in any of nearly 100 product departments where you 
contribute to the engineering, manufacturing or marketing of 
some of the more than 200,000 G-E products 


@ PERSONNEL DEVELOPMENT PROGRAMS—General 
Kleetric, a pioneer in industrial training programs, hastens your 
professional development through classroom and on-the-job 
assignments as a part of the Company's marketing, manufac- 
turing and engineering programs. Specific position placement is 
also available if your interests are already formulated. 


@ JOB LOCATION—There are opportunities for you as a G-E 


engineer in L150 cities in 45 states, plus many foreign countries. 


@ ADVANCED STUDIES—CGeneral Electric offers to te hniecal 
graduates the Tuition Refund Program and Honors Program 
for Graduate Study wherein you may take graduate courses al 
nearby universities. In addition, G.E. sponsors graduate-level 
Company courses where top professional men teach in their 
respec tive fields. 


@ TRAINED COLLEAGUES—(As a G-l engineer, you may be 
working with outstanding men who are responsible for the 
envisioning, production, and distribution of such new products 
as man-made diamonds, high-speed rocket and jet engines, the 
new heat pump, commercial atomic power reactors and ele 
tronic ovens. 


@ EMPLOYEE BENEFITS—General Klectric’s outstanding bene- 
fit program for you and your family includes all the usual life 
accident and illness insurance and pension plans, plus a Savings 
and Stock Bonus Plan and discounts on G-E home appliances 


@ THE COMPANY’S FUTURE—General Electric's investment 
in research can mean much to you. Forty-two major Company 
laboratories, dedicated to invention and innovation, will play a 
major role in doubling the Company’s sales during the next 
eight years. Only through research is a company assured of 
future growth. For you, this growth at General Electric means 
new and challenging technical and managerial positions. 
General Electric Company, Section 959-3, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





